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EDITOR'S NOTE

This FY 1981 Annual Progress report is a general review of research
activities of the U. S. Army Medical Research Institute of Infactious
Diseases, Fort Detrick, Frederick, MD, conducted on Medical Defense Against
Biological Warfare Agents (U) under Projects 3M162770A870 and 3M162770A871,
and 3M161102BS10 and In-House Laboratory Independent Research, Project
3A161101491C.

In conducting the research described in this repert, the investigators
adhered to the "Guide for Laboratory A&nimal Facilities and Care," as
promulgated by the Committee on the Guide for Laboratory Animal Care of the
Institute of Laboratory Animal Resources, National Academy of Sciences-
National Research Council. The facilities are fully accredited by the
American Assoclation for Accreditation of Laboratory Animal Care.
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FOREWORD

I. USAMRIID's MISSION

The formal mission tasking USAMRIID reads as follows:

Perform studies on the pathogenesis, diagnosis, prophylaxis, treatment,
and epidemiology of naturally occurring infectious diseases of military
importance with emphasis on problems assocliated with the medical defense
against biological agents and on those microorganisms which require special
containment facilities.

By DOD directive and further Army guidance, USAMRIID performs its
Biological Agent Medical Defense research in support of the needs of the three
services. This mission, and all work done at USAMRIID, is in keeping with the
spirit and letter of both President Nixon's 1969 and 1970 Executive Orders
renouncing the use of biological and toxin weapons, and the U.N. Convention
(Against) . . . Bacteriological (Biological) and Toxin Weapons . . . of 1972.

II. DISSEMINATION OF INFORMATION:

All work conducted at USAMRIID is unclassified. Results are published
in peer-reviewed scientific literature, when accepted, as well as in anuual
reports. Results of value to organizations outside the U.S. Department of
Defense are shared willingly, often in the hope that such sharing will result
in additional information on the validity of scientific results or the
efficacy of new products, such as vaccines or other biologicals or drugs.
Numerous intra-U.S. and international collaborations exist and are encouraged
to expand. USAMRIID prints a cumulative bibliography of published articles,
which may be obtained by a request to the Bditor, USAMRIID, Fort Detrick,
Maryland 21701,

III. THE STRATEGY OF THE PROGRAM:

A. The program rests on the judgment that both natural infectious
disesgses and potential tiological warfare threats exist which could sericusly
interfere with the functions of U.S. forces. The {irst requirement for
con3atructing the USAMRIID program is to arrive at an assesswent as to which
microbial and toxin agenta are the highest priority threats. Those agents for
which existing medical defenses are adequate are set aside. Those agents
being addressed by other agencies within the U.S. or elsewhere are likewise
set aside. From the refined 1li{st the available resources are applied in
priority derived from consideraticns of the severity of their threat and the
scientific feasibility of developing improved medical defenses against the
agent.

B. The agenta being addressed during the period of this report were:
Bacterial

B. anthracis
F. tularensis
L. picuzoniae
S. pneutoniae
S. typhimuriuc
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Viral

Lassa fever virus

Ebola fever virus

Korean hemorrhagic fever virus

Rift Valley fever virus

Bolivian hemorrhagic fever virus (Machupo)
Argentinian hemorrhagic fever virus (Junin)
Dengue fever virus

Congo/Crimean heumorrhagic fever virus
Sandfly fever virus

Eastern encephalitis virus

Western encephalitis virus

Venezuelan fever virus

Japanese B fever virus

Chikungunya virus

Tacaribe virus

Pichinde virus

Yellow fever virus

Keystone virus

Influenza virus

Rickettsial
C. burnetii

Parasgsitic

P. falciparum

Toxins

Pseudomonas A

Diptheria

Botulinum &-C

Anthrax toxins

Mycotoxin T-2

Saxitoxin

Tetrodoboxin
Staphylococcal enterotoxin

IV. Geals
For each of the agents baing addressed, the goals werse:

4. Pathogeneaia: Sufficient knowledge cf the biclegy of the agent and the
responses of the infected or intoxicated heost {man, as well as available snimal
zodels) to provide a basis for pregress in the applied goals which sre listed
below. Useful cell cultures, organ cultures, and a variety of labcraltory anizal
rodels must be developed and exploited for the insight they can provide on the
pathogenic processes in man. since information froz huzen cases for =many of the
diseases of ccncemm it lizited.

*e




B. Improved Diagnosis: Since the choice of medical interventions for
either the prevention or the treatment of infectious/toxic disease can only be
optimized when the precise infecting/intoxicating agent is known, the ability
to make a rapid and specific identification of the causative agent is an
important ecmponent of a system for medical defense. Ideally, there should be
the capability to confirm the identity of agents isoclated from the
environment, to detect antigen in appropriate clinical samples taken early in
the course of disease, and also to detect antibodies from later clinical cases
or convalescents. The technology used should be snitable for use throughout
the military medical system, including field facilities cperating with austere
resources. Not only must the agents of major concern be identifiable, but
those more common agents which must be considered in a full differential
diagnosis must also be identifiable.

C. Prevention: Prevention of infectious disease by immunization is the
most effective, convenient, and economical means to reduce the impact from
disease on military forces. This goal, then, commands nearly half of
USAMRIID's resources. Vaceclne development is expected to continue as a major
USAMRIID theme, since technological advances often allow the improvement of
vaccines which were once state-of-the-art accomplishments. The application of
modern biology to vaccine development is presenting opportunities and
challenges not foreseen a few years earlier. Passive immunization, active
immunization using killed or living attenuated whole agent, or imaunization
with sub-unit antigens schieved by older or newer methods are options which
must be comparatively evaluated for each agent, to arrive at the optimum
immunizing method for military forces in various scenarios.

D. Treatment: The unexpected natural disease outbreak can preempt the
opportunity to use prevention, and leave treatment as the major medical means
to limit damage tc the individual and to maintain military force
effectiveness. For many of the diceases of concern to USAMRIID, specific
treatments which will reverse pathology have not ye!t been developed.
Therefore, treatment strategy musi consisi of optimal supportive care to give
the host defensns sufficient time to respond and overwhalm the disease
insult. For these reasons research on isproving treatments at USAMRIID has
ezphasis on developing new specific treatrments and on wimizing the
effectiveness of suppertive care of the infected patier*.

V. SUMMARY OF TRENDS IN FY 81:

A. Since many progracs at USAMRIID are multidiseiplinary and carried
ocut by rultiple investigators in loose and shifting consortia over several
years, the material covered by this aznnual report zay give only a fragmentary
insight of the overall prograc and its progress. In the following sections
trenda and accexplishzents are highlighted.

B. General Progress H.ghlights during FY 31: FY 1081 was a cost
productive and event ™l year Tor USAMRIID, with its research progracs
nroducing wuch new data as wa2ll as undergoing zajor realignzents and
smphasis in response to USAMADC guilance, SPEF/SPF guidelines and new
emerging informatien on Russian BW capabilities and their presuzed In
ezploy this form of warfare following the reporis of the Sverdlovsi
cocident. & markediy expanded pregrat on «nthrax was undertaxen to improve
the existing vaccine arnd te develep zore inforzation on the pathogenesis of
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this disease, particularly the pulmonary form of anthrax. Newspaper accounts of
the Russian-supported use of deadly trichothecene toxin (T-2 mycotoxin) in
Indochina and possibly Afghanistan have accelerated the implementation of
research on medical defenses against small molecular weight toxirs within
Physical Sciences Division. This new program, which concentrates on T-2 and
other mycotoxins, saxitoxin and tetrodotoxin, is beirg funded at the expense of
reduced effort on "Enhancement of Host Defense” studies. Anticipated medical
infectious disease needs of Rapid Deployment Forces (RDF) are being supported by
a new program concerned with the seroepidemiology of field samples collected from
potential trouble spots of the world. Exotic, high-hazard viral diseases endemic
to some of these trouble spots constitute a genuine threat tc the RDF.

C. Research areas given added smphasis during FY 81: An entirely new
program was initiated to study tricothecene fungal toxins, marine toxins and
other small molecular weight toxins of microbial origin.

New and expanded emphasis was placed on cevelobing rapid diagnostic
methods for the identification of microorganism-derived #hiv1gens and/or host
antibodies. This is aimed at the diagnosis in the field of both naturally and
arivificially acquired infectious diseases or toxemias.

A new entomology program, alsc designed to support RDF, will attempt to
iefine vectors/exotic disease relationships.

Three new live, attenuated viral vaccines are in the final stages of
development and include Dengue-1, Chikungunya, and Argentine hemorrhagic fever
(Junin virus). The new technology of moncclonal antibodies from lymphocyte
hybridomas is being exploited in an effort to develop an entire new generation of
more effective, highly specific, and safe vacoines. A ma jor advance has been
made In defining the interrelationships among the three toxins of anthrax; that
is, protective antigen {(PA), lethal factor (LF; 204 edema factor ‘EF). The most
surprising and interesting information from th:s program is that edema factor was
proved to be an adenylate cyclase. Because EF is an encyme {like chole-~a and
diptheria toxins} it derives its potency by czislytically altering essentlial
zolecules in animal cells.

The betulinum program has continued to progress with the creatisn of a
new neurcophysiolegy labtoratory and the hosting of an International Conference at
USAMRIID on “"Biczadical Aspects of Botulism.™ Aeroscl risk assessment studies
have shown that Lesignella prneurophila and Lassa fever and Bolivian hemorrhagic
fever viruses can each be disseninated as infectiovs, small-particle aerosals and
each is relatively stable. Unfortunately, it was learned that animals previously
izzunized with killed Rift Valley fever (RVF) wvaceine, developed disease when
challenged with virulent aerosols of RVF virus. These data sugpest that some
nonliving vaccires may not be adeguate in protecting against virulent aeroscls.

Hematological studies cn ribavirin, an antiviral drug with ¢ ffectiveness
against scu: hemorrhagic viruses, have been completed and indicate that Righ
concentratiens of the drug arrest maturation of red-cell precursors; however,
this effect is reversible when the drug is discontinued.

e evacuation f{air
P-4) isclaticn

§
and surface), dlagrosis, and treatsen® under full biclegical {
infection with such

conditions of patients sussected cf or actually having an
nigh hazard agents as Lassa, Jurir or Ebela virus.
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D. Research Areas completed or for which efforts are diminishing in
FY 81: Methods were successfully developed for: (a) growing L. pneumophila in
artificial media to high concentration while preserving infectivity, (b)
isolating a toxin common to Legionella and Legionella-like microorganisms; (c)
identifving the organism by serological techniques. This highly successful
Legiore¢ila program has now been partially phased-down during this fiscal year
to ~ermit expansion of the anthrax program.

The long-term highly productive USAMAIID iavestigations into
infection-induced alteratlions in host metabolism, biochemical and hormonal
responses, and performance capacity were also phased-down to permit the
initiation of the small molecular weight toxin program within USAMRIID.
Studies of endogenous pyrogen and leukocytic endogenous mediator were
terminated.

Failure Lo identify an effective vaccine candidate against
P. pseudomallei lead to termination of this effort. Work was also reduced in
studies of encephalitic viruses to permit increased eforts in hemorrhagic
ones.

E. List of significant accomplishments for FY 81:

1. The NRC/NAS Postdoctoral Research Fellowship Program was fully
initiated at USAMRIID.

2. A total of 64 research papers were pubiished.

_ 3. USAMRIID remained among the top three Army laboratories in the
ILIR competition for the third consecutive year.

4., A markedly expanded rescarch program on anthrax was initlated tu
*mprove the existing vaccine and to develop more information on the
pathogenesis of the disease. Toxic exoproteins of anthrax were separated to a
‘high degree of purity. Edema factor was found to be a potent adenylate
eyeizse. Methods were established for permitting test studies with virulent
“strains under maximum containment conditions.

5. A new program was begun on small moleuclar weight toxins with
inLtidl emphasis on T-2 mycotoxins and selected marine toxins.

6. & new program was introduced to study the sero-epidemiology cf
field samples enllected from potential spots in the world where rapid
- geployment forces might be assigned. The diagnostic program was expanded to
-provide rapid agent ldentification and disease diagnosis capabilities under
field conditions. The efficacy of spot slide diagnostic procedures for large
assortment of viruses was tested effectively with double blind methodologies.

1. A new entomology program, also designed to support the rapid
deployment forces, was initlated to define insect vectors and exotle disease
relationships. Studies were initiated to elucidate the vector potential and
taxonomy of suspected arthropod vectors of Rift Valley fever virus. Other
studies were targeted toward determining the vectors for Ebola and Lassa fever
viruses.

----
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8. Approximately 80 potential antiviral drugs were evaluated in a
screening program against Rift Valley fever, VEE, Pichinde, sandfly fever, aud
yellow fever viruses.

9. The production of monoclonal antibodies from lymphocyte hybrodomas
was increased for the diagnostic program as well as for the development of new
generations of vaccines.

10. A new neurophysioclogy laboratory was established to study botulinum
and other neurotoxins and their therapy. Two experimental drugs were shown to
reverse temporarity botulinum Type 4 neurotoxicity.

11. An international conference was held at USAMRIID on the biomedical
aspects of boftulinism.

12. The causative virus of Korean hemorrhagic fever was identified and
characterized in tissue culture in terms of its electron microscopic appearance
and physical characteristics. Attempts to culture this organism and identify it
serologically were irproved.

13. Methods were develope¢ for growing high concentrations of
Legiconella-like bacteria in artific: . :'ia.

14. A toxin was isolated which was common to Legionella and to
Legionella-like bacteria.

15. Aerosol-risk assessment studies showed that L. pneumophila, Lassa
fever virus and Bolivian hemorrhagic fever virus were each infectious in a small
particle aerosol. A component of media in which blue green algae were grown was
shouni to stablize Legionella organisms while in aerosol.

16. The availatle formalinalizec¢ Rift Valley fever vaccine was found (o
give inadequate protection te animals challenged with aerosols contzaining the
virulent virus. Improved techniques were established to separate the individual
glycorroteins of Rift Valley fever virus in an attempt to produce an improved
vaccine and for moving toward gene cloning technologies for this purpose.

Studies wera initiated to determine the reasons for the gensetic differences in
susceptibility to Rift Valley fever virus infection among different strains of
rats.

17. Various combinations ¢f intravenous nutrients with zltered ensrgy
and amino acid content were tested for their efficdcy Tor treating infected
animals,

18. A lacket and tether system was developed and perfectes for
permitting long-term infusiuns of monkeys during studl:y, Tris rystem replaced
the use of restraint chairs for comparable studies.

19. A Pichinde virus infection of Strain 13 guinea pigs was established
as a useful anima! model for studying the hemorrhagic mechanisms of varicus
dangercus hemorrhagic fever viruses.

20, Studies were conducted to support the biclogicnl detection and
alarm program of the Chemical 3ystem Laborztory for testing XM-2 biclogical
campler.
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21. The hematological toxicity of ribavirin, an antiviral drug, was
shown to be reversible in monkeys.

2. Operating procedures were perfected and tested and personal
training practices were adapted to permit the safe ané effective
trarsportation of highly contagious patients, full hesnital care. and elinical
laboratory testing under P-4 lovel muximum biological hazard containment
conditicns.,

23. Studies were continued using Pseudomonas axotoxin to deotermine
how similar toxic molecules enter a cell.

24, Additional studies wers conducted to deiine che prigary aminc
acid structure of Staphlococcal enterotoxins.

25. Studies were continued on the Fhase J antigen of C. burnetii e
separate the protective components from those which cause adverse vaceiue
reactions.

26. Studies were continued in voluntesrs to test nev antimalarial
drugs against resistant species.

VI. EXTRAMURAL RESE&RCH:

While this report deals principally with USAMRIID's in-house effort,

"total'program progress is the result of the combination of the in-house effort

augmented and supplemsnted by offorts by contractors from zcadesia and
industry, Individual contractor's research is synopsized in reports which are
filed with the Defense Technical Information Centar {(UTIC). A list of
contiracts in place during FY 31 is included as Appendix ©. Readers desiring
specific contract réport should make request to DTIC.

VI, QUESTIONS:

Questions or comments about this report are welcomed and may he
addrensad to:

Commander
USAHMRIID
Fort Detrick, Frederick, MD 21701

Rl A e T T AR T B T B A T B I T TR it S e’ a7 a4 = p A e 0T



9

RESEARCH AND TECHNOLOGY WORK UNIT 1. AGENCY ACCRSSION® [1. DATE OF SUMMAAY® REFORT CONTROL 3YMBOL
SUMMARY DA 0OG1536 81 10 01 DD-DR&E({AR )6 46
« DATE PREV SUM RY [4. KIND OF SUMMARY S. SUMMARY !CTY‘ . WORK SECURITY® [’ 'G;‘;ADING. A DISE'M INSTA'N 8b SPECIFIC DATA- 9. LEVEL ’J‘VW
0 10 02 D. Change U U NA NL ‘E]“:::cw.dc::" A wORK UMIT
). NO./CODES:* PROGRAM ELEMENT PROJECT NUMBER TASK AREA NUMBER WORK UNIT NUMBER
L PRimARY 62770A 3M162770A870 BA 070
“ CONTRIQUTING
[fIPrpd ] ISTOG 80-7.2; _

TITLE (Precods mih secustly Clasificett C“”YU) Risk Assessment and Evaluation of Viral Agents and Their
ectors that Pose a Potential BW Threat

« SCIENTIFIC AND YECHNOLOGICAL AREAS®

003500 Clinical medicine; 004900 Defense; 010100 Microbiology; (U) Biology

18. PERFORMANCE METYHOOD

ISTARY DATE 14. ESTIMATED “OMPLETION DATE 18. FUNDING AGENCY
80 10 CONT pA | C. In-house
- CONYRACT/GRANT 18. RESOURCES RSTIMATE | A PROFESSIONAL MAN YRS | b FUNDS (In thousands)
. DATES/EFFECTIVE: EAPIRATION: PRETTENS
 NUMBER:® riscaLi 8 5.3 577
. TYee: 4 ANOUNT: YEAR w"}n'
. KIND.OF AWARD: NA 1.CUM. AMT. 82 6.0 564
. RESPONSIBLE DOD ORGANIZATION l l 20. PEAFORMING OMGANIZATION I J
sue*  UUSA Medical Research Institute of wae* Virology Division
USAMRIID

Infectious Diseases

soness* port Detrick, MD 21701 roemess® Fort Detrick, MD 21701

PRINCIPAL INVESTIGATOR (Fumlish SSAN I U.S. Academic [natitution)

ESPONSIBLE INDIVIDUAL waue:* Bai ley N C . L.

hue Barquist, R. F. TELEPHONE: 301 663-7241

TELEPHONE: 301 663-2833 SOCIAL SECURITY ACCOUNT NUMBER:

. GENERAL USE

ASSOCIATE INVESTICGATORS

uame:yatts, D. M.
MAMK: POC:DA

ng;gigg_%pggl%}ggaggieonﬁidered
* KEVWORGS (Procodt pach =B & selfestion @™ (y) Military medicine: (U) BW defense; (U) Viral diseases;

sion: (U) Entomology
L TECHMICAL ou:cnvz.' 24 APPROACH, 25. PROGRESS (Pumish individus! peragraphe identified by number. Precede lext of each with Secwrity Classlificailon Code.)

3. (U) Identify specific arthropods and vertebrates associated with the maintenance and
ransmission of medically important arboviruses to man and define ecologic and intrinsic
actors influencing the ability of arthropods to transmit viruses. Information will
llow for development of methods for predicting relative risk of military personnel to
rbovirus infections and for designing specific vector control strategies.

4. (U) Conventional and innovative field and laboratory procedures are employed to
mplicate specific arthropods and vertebrates as vectors and hosts of arboviruses,
espectively. Ecologic and intrinsic factors relating to vector competence are deter-
ined experimentally by elucidating the dyvamics of virus-vector interactions during
he extrinsic incubation period.

'5. (U) 80 10 - 81 09 - 50-100% of 8 different Egyptian strains of Culex pipiens mos-
luitoes became infected after feeding on about 100,000 PFU of Rift Valley fever (RVF)
irus in the blood of donor hamsters. Transmission rates for these mosquitoes ranged
‘rom 0-60%, but data are not sufficiently complete to determine differences in geo-
;raphic origin of mosquitoes, virus, or a combination. Virus transmission was also
iccomplished by 10 individual mosquitoes which probed for a bloodmeal from hamsters,
yut were unsuccessful in obtaining that bloodmeal. RVF studies were conducted on the
sandfly, Lutzomyia longipalpis, by feeding on hamsters viremic with 1 and 10 million
'FU/ml of virus. Relatively low levels of virus were recovered from them on days

=7. Techniques have been developed to measure salivary output which should enable
juantitative transmission studies to be conducted without the need for a monkey model.

¥ 4 veilable to contraciosa ol {or's & val.
S

NN roru PREVIOUS EDITIONS OF THIS FORM ARE OBSCLETE. DD FORMS 14084, 1 NOV -
L “ 14018 Arih v eam t 1 MAF AR IFOR ARMY USE) ARE OBSOLETE. °® WU.S. QPO 1981—341-844/0 130




- T - - T . ToA T .
S N TV U R O R o R B T N O L I R M e A B A T N e

10

BODY OF REPORT

Project No. 3M162770A870: Risk Assessment of Military Disease Hazards (U)

Work Unit No. 870 BA 070: Risk Assessment and Evaluation of Viral Agents and
Their Vectors That Pose a Potential BW Threat.

Background:

Numerous viral diseases normally tranismitted by arthropod vectors are potential threats
to the mission of U.S. military forees. Some of these diseases are transmitted to humans in
nature only through the bite of an infected arthropod, i.e., dengue (DEN). Others, such as Rift
Valley fever (RVF) and Chikungunya (CHIK) can be transmitted not only by an infected
arthropod, but also by aerosol. Effective vaccines are not currently available for many of these
diseases. Therefore, prevention or control of virus transmission is often achieved only by
reducing or avoiding vector populations. It is the scope of this work unit to understand the life
cycles of viral diseases which pose a known or potential threat to military personnel. Included
are not only vector arid reservoir identification, but also ecological and environmental factors
which predispose virus transmission. Lack of a elear understanding of all these factors limits
our ability to prevent or control more effectively these diseases., With this scope in mind the
following program of research was developed. (a) Determining the RVF virus (RVFV) vector
potential of several different species of mosquitoes and sandflies from Africa and the United
States, and (b) determining the effect of environmental temperature and geographic strain of
the vector on transmission of DEN, CHIK and eastern equine encephalitis (EEE) viruses.

Progress:
Rift Valley Fever Virus

Until 1977, RVF was considered to be a disease mainly of domestic animals in sub-Saharan
Africa, while in humans it was considered serious, but rarely fatal. RVFV was first reported
noith of the Sahara Desert in 1977, when it caused an epidemic in the Nile Delta of Egypt,
resulting in considerable animal and human mortality. Meegan et al (1), reported results of
experimental transmission studies with & single geographic strain of Egyptian Culex pipiens, and
implicated this species as a vector of the virus during the 1977-78 epizootics. However, the
authors eluded to the possibility that different transmission rates were obtained with
differences in vector potential that we are interested in pursuing. Such information shouid
clarify the role of this species in the epidemiolo¢y of RVF in Egypt.

Several geographic strains of Egyptian Cx. pipiens have been colonized by us. Results of
preliminary transmission experiments are presented in Table I. From 50 to 100% of most ,sgrains
of this mosquito became infected after feeding on hamsters circulating approximately 10°°
PFU of RVFV/ml of blood. Although infaction rates were generallv high, virus transmission
rates varied form 0 to 60%. The data are not yet complete enough to draw definitive
conclusions regarding whether these differences reflect differences in geographic strains, the
amount of virus ingested, or a combination of both factors. Virus titers for individusl
masquitoes that transmitted virus ranged from 10 0o 1071 PFU/ml while averaee titers for
nontransmitters were in the 2-3 log, 4 PFU/ml range or lower (Table Ii). Transmission of the
virus was also accomplished by 10 ditferent mosquitoes which probed for a bloodmeal from
hamsters, but wege un.sug essful in obtaining that bloodmeal. Virus titers for these mosquitoes
ranged from 1048 t0 10°-T PFU/mI. It is therefore possible that if this behavior occurs in
nature, these mosquitoes could transmit to a larger number of susceptible animals or humans
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than those mosquitoes which are successful in bloodfeeding on the first try by
transmitting with each attzmpt to feed. It appears that virus transmission rates were
not influenced by the length of the extrinsic incubation after day 7, since there were no
differences among days 7, 12 and 15. This observation needs to be extended, however, to
test transmission rates on days 20 and 25.

Preliminary data suggest that North American strains of Cx. pipiens and Aedes
taeniorhvnchus as well us an African strain of Eretmapodites quinquivittatus are
susceptible te RVFV infection; but transmission trials were hampered by low virus titers
or complete failure of these mosquitoes to refeed on hamsters.

Contrary to the report by Meegan et al. (1), a lag-phase or drop in titer was
observed on day 1 or 2 pc - infectious bloodmeal for 4 strains of mosquitoes testad. This
2-3 log decrease was followed by titer increases in most species and strains reaching
maximum titers by days 6-8.

Even though there is substantial epidemiologic and laboratory evidence to implicate
mosquitoes as vectors of RVFV during epizootic/epidemic outbreaks of the disease, there
is little available information describing the enzootic/endemic maintenance of the
virus. An understanding of the broad range of susceptible vertebrates to the virus and
the diversity of environmental regions in whieh this virus has been recovered may
indicate that other biting arthropods are involved in virus transimssion, i.e., Culicoides
and sandflies. Supportive evidence for vectors other than mosquitoes is suggested, not
only by the recovery of RV¥ virus from Culicoides in nature, but also the fact that the
virus has now been classified as a sandfly Tever group virus. With these observations in
mind, studies have been initiated i¢ test the susceptibility of sendflies to RVFV and to
conduct taxonomic studies on Keny an species of Culicoides.

o’ ’- .
PR L.

Due to the difficulty involved in rearing sandflies and the unavailability of African
species, preliminary experiments with these insects were condueted with small numbers
of a New World species. In an cffort to determine whether RVF virus would replicate in
sandflies, a nanoliter pump wus used to inoculate a predetermined quantity of virus via a 5
micro-needle into anesthetized sandflies. Results from this preliminary experiment are '
shown in Table IIl. Virus was recovered from only 1 of 18 sandflies in this experiment. -
Although results were essentially negative, it is believed that with additional refinement
of inoculation methiodologies, this metnod can be developed for routire infection of .
sandflies with virus, B

Since Lutzomyie longipalpis; the sandfly species used in these experiments is 4
relatively short~lived with few surviving the first oviposition cyele, ix was determined
that initial experiments should be designed to determine if this species could be infected
with RVFV by feeding on viremic hamsters prior to conducting actual transmission
experiments. Thus, the experimental approach was to assay sandflies at various intervals
after feeding on viremic hamsters to determine if they became infected ard if so, did the .
titer of virus in the sandflies increase with time. Table 1V shows that RVYFV was 4
recoverad from sandflies {rom days 0 through 7 after bloodfeeding on hamsters .
circulating between 6 and 7 logyo/ml of RVF virus. Relatively low titers of virus were
recovered from these sandflies %rom days 1-7 which makes it impessidle 10 nfer virus
multiplication. It is plausible that the low titer of virus in the candflies even on day 7 is

sidual virus in the midgut. However, we have not discounted the fact that these low s
virus titers may represent significant infections which would allow the sandflies to &
transmit. Studies are currently underway to establish better virus growth curves in -
sandflies and to evaluate their potential for RVFV transmission.
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TABLE II. COMPARISONS OF RIFT VALLEY FEVER VIRUS TITERS IN EGYPTIAN
STRAINS OF CULEX PIPIENS MDSQUITOES THAT TRANSMITTED WITH
THOSE THAT DID NOT' TRANSMIT VIRUS TO HAMSTERS.

VIRDS TITERS (PFUgo/1.0 ml)

MOSQUITO SPECIES Nontransmitters Transmitters

AND STRAIN No. Range Mean No. Range Mean

Sharqgiyagp_q 18 2.0-3.6 2.8+.6 15 4.5-5.8 5.2+.4 '
Sharqiyap_q 6 1.8-4.3 3.0+.9 1 - 5.1

Sharqiyag_g 22 1.9-3.9 2.7+.7 15 4.0-7.1 5.3+.8 X
Egyptian Mixp_ 12 1.7-3.5 2.5+.6 1 - 4.9 :

TABLE III. SUSCEPTIBILITY OF LITZOMYIA LONGIPALPIS TO RIFT VALLEY
FEVER VI FOLLONING INTRATHORACIC INOCULATION OF i
1.6 x 10° PFU/ml. ;

POSTINFECTION NO. INFECIED/ TITER OF X
PERICD NDO. TESTED VIRUS RECOVERED :
(Days) Live* Dead** Live Dead i

1 - 0/5 - 0
4 - 0/2 - 0
5 0/4 1/1 0 4 x 10° .
7 0/5 0/1 0 0 ;

¢ All live sandflies were tested individually.
**Dead sandflies were tested in pools containing from 2-7 individuals.

Because RVFV hag been isolated from Culicoides in Kenya, &nd it is anticipated
that this laboratory will in the near future initiate studies in Kenya to identify the .
enzootic cycle of the disease, a definitive systematic manual of the Culicoides of Kenya g
is being developed. This manual will include a taxonomic key for the identification of
the adults of all kriown species occurring in Kenya. This key will include thorough
morphologic description with accurate detailed illustrations with summaries of the known
biology and distribution which will provide for accurate identification of potential vector
species, Teble V provides a tentative list of the known Culicoides of Kenya.

Dengue Virus

Investigations concerning the effects of temperature on the vector efficiency of
the mosquito Aedes aegypti for DEN viruses focused primarily on the establishment of
assays and developmen% o.f a technique to be used in lieu of a more expensive primate
model for assessing vector efficiency. In brief, the technique involves placing the £
mouthparts of immobolized virus-infected mosquitoes into the cavity of a 0.8-mm
diameter capillary tube. Immersion oil is introduced into the opening of the distal end of
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the tube and allowed to flow until contact is made with the mouthparts. Contact with the oil
stimulates the mosquitoes to salivate. Each mosquito is allowed to secrete saliva for 3 min;
each tube of saliva and oil is then transferred to a vial containing 0.5 ml of medium. The
contents of the tubes are mixed with the medium by disintegrating the tube with a glass
plunger.

TABLE IV. SUSCEPTIBILITY OF L. LONGIPALPIS TO RIFT VALLEY FEVER VIRUS A, FOLLONING
BLOCD FEEDING ON & VIREMIC HAVSTERS CIRCULATING FROM 3 x 105 - 8 x 107
PFU/ML OF BLOCD.

POSTINFECTION NO. INFECTED/ — RANGE OF VIRUS TITERS
PERICD NO. TESTED FROM SANDFLIES
(Days) Live Dead Live Dead
0 6/8 - O-EPND* -
1 - 2/2 - -
D 1/1 - 1.2 x 502 -
3 2/2 6/6 1 x 3 x 10!
2 x 102 2.2 x 104
4 5/9 4/4 0-1x10% o- f 103
5 - 6/6 - 2 x
1x 103
6 2/3 - 0-1% 102 -
7 1/1 1/1 1 1 x 10!

*End point not determined.

After this technique was perfected, saliva was collected fromn Ae. aegypti infected with
DEN-2 virus by intrathoracie inoculation. Virus was not detected in'saliva by the plaque assay
employing LLC-MKj, celis, but was recovered from C6/36 cells that were allowed to incubate at
28C for 10 days afte reinoculation with saliva suspensions. Findings suggested tha this
technique may be suitable as an indicator of virus transmission.

Transovarisl Transmission of Alphavirus

Investigations were initiated to explore the possibility that EEE virus is maintained bv
inheritance from parent to offspring in Culiseta melanura with the virus surviving in the larvae
during the winter season in the Pocomoke Cypress Swamp, MD. A total of 118 third and fourth
stage larvae were collected during March and April. The majority of these larvae were retained
for approximately 14 days at 26-28C in the laboratory. During the holding period, 21 males and
3 females emerged. The larvae that failed to emerge and the adults were stored at -70C for
virus assay. All specimens will be assayed for virus by the mosquito inoculation technique
employing Toxorhynchites ambionensis and in C6/36 cells at 27 and 28C, respectively. Due to
the low number of larvae collected bv the standard dip technique, 10 floatmg larvae traps were
placed in selected breeding sites on 25 March in an attempt to increase the sample size. These
traps faiied to capture Cs. melanura larvae.

Other studies are in progress to assess the possible role of the follicle epithelium as a
barrier to transovarial transmission of alphaviruses by respective vector wmosquitoes. An Ae.
aegypti-Sindbis virus model was selected with the intentions of 2xtending such studies to other
more appropriate vector/virus combinations. Employment of this system depends on results of
ongoing experiments designed to obtain indirect evidence of an ovarign barrier by demonstrating

2 LANaS
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that Sindbis virus is not transmitted transovarially by experimentally infected Ae,

ti. In this experiment, 120 mosquitoes were inoculated intrathoracicaly with 1047
PFU m] of Sindbis virus. Approximately one-half of these mosquitoes ingested blood
from hamsters 24 hr before inoculation with virus, while the remainder were bloodfed 24
hr after inoculation. Mosquitoes were maintained at 28C and 70-80% relative humidity.
During the incubation period, mosquitoes were allowed to feed on hamsters at
approximately 2-week intervals until the completion of 3 ovarian cycles. After the 3rd
batch of eggs were laid, parent mosquitoes were stored individually at -70°C for virus
assay. Eggs from each ovarian cycle were hatched in separate trays and immatures were
allowed to develop to adults at 26C. All male mosquitoes were stored at -70C within the
first 24 hr of emergence, while females were stored on days 1-3 and on days 11-14 after

I AL N D A

emergence.

TABLE V. THE QULICDIDES (DIPTERA: CXRATOPOGINIDAE) OF KENYA.

mean titer was 10 ‘

PFU/ml. Attempts to recover virus {rom suspensions prepared
from 101 pools of 1-dav-old progenv msles consisting of 409 specimens were
unsuccessful. Likewise, virus was not detected in suspensions prepared from 18 pools

“Genus Culicoides ;
Subgenus Monoculicoides adersi group 2
cornutus adersi .
Subgenus Mei jerehelea albovenosus group i
distinctipennis albovenosus -
leuocostietus "
pyenostitetus dekeyseri group N
kaimosiensis N
Subgenus Beltrammyia Y
nivosus inornatipennis group q
arenarius ¥

Subgenus Trithecoides ravus

fulvithorax
neavei group

Subgenus Avaritia neavei .
rahamil ovalis i
%micel’a v
kanagal schultzei group N
kibatiensis rhizophorensis R
spinifer schultzel -
tororoensis enderleini and/or subschultzei X
trifasciellus §
sterocorarius group ~
Subgenus Diphaanyia bedfordi X
aceraensis gambiae =
exspectator -
pspillatus Unplaced species -
radicoaculatus eriodendroni 4
simi11s parvilus =
tropiealis shimoinensis :
Sindbis virus was recovered from suspensmns prep&xred frg;m each of 18 parent N
mosquitoes. Virus tgzters per suspension ranged irom 10* to 10°°¥ and the gec aetric 4
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consisting of 394 1-3-day old progeny females. In addition, of evidence virus was not noted on
reassaying these mosquitoes. However, virus was recovered from suspensions prepared from 12 =
of 15 pools consisting of 139 11-15-day-old progeny females. These virus-positive suspensiors 8
and parent mosquito suspensions were confirmed as Sindbis by PRN tests employing
virus-specific antiserum. In order to verify further that Sindbis virus was transmitted vertically
to offspring, remaining eggs from the parent mosquitoes were hetched and immatures were S
reared to adults at 26C. Virus was not detected in 45 suspensions prepared from individual o
males that were 3-7 days old. Females were allowed to lay 2 batches of eggs and then stored at -
~70C for virus assay. Virus was recovered from suspfxgsiong grepared from 31 of 36 individual '-9
females, Visug titers per suspension ranged from 104°°-10*Y PFU/m] and the geometric mean N
titer was 10°*° PFU/ml. Eggs from the latter females were hatched and immatures were reared
to aduits. Attempts to recover virus from suspensions prepared from 5 individual males and 5 :
individual females sacrificed on days 5, 10 and 15 after emergence were unsuccessful. These
data suggested that virus was not transmitted to 2nd generation offsprings. An experiment to -~
confirm these findings is in progress. @

Tatle VI provides a summary of the species, strains, origin and estimated monthly
production of all species currently reared in our production insectary. All of the mosquito
species except the Toxorhvnchites are used in virus transmission experiments. The
Toxorhynchites are used as a host for virus assays. After considerable initial difficuily in -—
establishing sandfly colonies, techiniques were modified so that it appears tha we will be able to -
rear 2 different species. Both species are New World phiebotomines, indigenous to the D
Neotropic and Neoartic regions. Colony production of all species with the exception of T
Lutzor yia anthrophora are now providing sufficient specimens for both colony maintenance and N
experimental transmission studies.
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BODY OF REPORT

Project No. 3M162770A870: Risk Assessment of Military Disease Hazards (V)

Work Unit No. 870 BB 069: Assessment of Airborne Microbial Agents of Potential BW
Threat

Background:

Any microorganism to be employed as an airborne BW agent against US forces
must be stable in aerosol and infective via the respiratory tract. Investigations
are designed to define the aerosol stability characteristics and respiratory
infectivity potential of cardidate agents. Additiona'l parameters of the pathogenesis
of infections induced by aerosols are elucidated as the need indicates, to include
determination of the sequence of events leading to immunity following vaccination
ot aerosol infection. Vaccines developed for candidate BW agents are evaluated for
protection afforded against aerosol challenge. These studies are directed toward
identification of efficacious vaccines which will protect deployed troops and
at-risk laboratory personnel.

Propress:

Suspensions of Lassa fever virus (LASV) propagatec in Vero cells were disseminated
at an efficiency of 75%. Aerosol stability of the virus at 24 C was inversely related
ro relative humidity with the half-lives ranging from 13-35 mj\.n3 The LD_, in outbred
Hartley guinea pigs to respiratory challenge with LASV was 107°~ PFU. Sggceptibility
to infection was greater in inbred strain-13 guinea pigs (LD_, approximated 101.0
PFU}. Allzcynemolgus monkeys exposed to infectious aerosols”died, even at the lowest
dose of 107°" PFU., Analysis of selected tissues for virus concentration at various
time intervals after exposure suggested that the lungs were the primary site for
virus replication. Subsequently, a vivemia developed that led to systemic infection.
Administration of the antiviral drug ribavirin by either the IM or respiratory routes
following aerosol challenge was ineffective in preventing desths among Strain-13
guinea pigs. The time to death, however, was extended slightly.

Aerosol stability determinations for the Romero strain of Junin vivus (JUNV)
were perfermed at 24 € gnd each of 3 relative humidities (RH) (30, %5 and 80%),
using virus stocks that had been propagated in Vero cells. Results of these tests
are shown in Table I. An inverse relationship existed betweoen aerosol stability
and RH. Between Z8 and 56X of virus subjected to disseminatieon remained airborme
and infective after & min (39% officiency), bascd on plaque-producing properties.
The serosol decay rates were 4.1, 5.0 and 5.8%/min for relative humidities eof 30,
55, and 80X, respectively (Table I). These decay rates yielded virus half-life
valuos in aerosel of 16.7 min at 30%, 13.8 min at 53%, and 12,0 =in at BOIL.



TABLE I. EFFECTS OF RELATIVE HUMIDITY ON PERCENTAGE RECOVERIES, AEROSOL DECAY
RATES AND AEROSOL HALF-LIVES ON JUNV

HUMIDITY AEROSOL RECOVERY (%) BY MIN DECAY RATE® HALF-LIFE?
¥3) 4 32 60 % /min) (min)
80 32,8 4.0 1.3 5.8 12.0
55 28.1 5.1 1.7 5.0 13.8 :
30 55.1 13.3 4.6 4.1 16.7 {

IMean of 4 replicates.

Infectivity of JUNV (Romero) for guinea pigs challenged by aerosols was
determined using dynamic aerosol equipment. Serial 10-fold dilutions of virus
suspensions were disseminated with a Collison nebulizer (1) into a Eenderson-
type (2) aerosol transit tube modified by incorpora.ion of aa animal exposure
box. Groups of 8 guinea plgs, each welghing 205-310 g, were exposed to each
dilution. Similarly, groups of guinea pigs were inoculated IP. A summary of
the dose-response titrations and th. :imes to death as a function of challenge

r s TR T ", ..~ s s

dose are given in Table II. {
TABLE II. MORTALITY AND TIME~TO-DEATE RESPOWSES IN GUINEA PIGS AFTER AEROSOL 3
AND 1P CHALLENGE WITH JUNV .
a LD ﬁ
DOSE DEAD/TOTAL MDTD 50 ;
ROUTE (log10 FFU) (%) (range) (log10 PFU) .
Aernsol 0.6 5/8 (63) 19.0 (16-23 .
1.6 8/8 «100) 15.7 (14-18) 0.48 !
2.6 8/8 (100) 14.6 (24-16) ",
3.6 8/8 (100) 14.1 (13-15) :
IP 0.3 8/8 (100) 16.3 (14-18) N
2.3 8/8 (100) i5.¢ {13-20) 3

3.3 8/8 (100) 15.4 (13-18)
*Mean days to death. .
As expected, *he mean time to death after aerosol exposure was inversely i
r=lated to the challenge dose of virus, whereas virus concentration exhibited :
little effect when injected IP, The LD_.. for aerosol chsllenge essentially was '
itenditcal to that exhibited by IP challenge. Although both of the MDTD were )
slightly greater thau previously reported for animals challenged IP (3), there .
was no statistical difference among the reported results. f
&

Lunyo virus, isolated in 1955 from mosquitoes in Uganda, Africa, is related
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antigenically to Rift Valley fever virus (RVFV) and is classified as a strain

of RVFV. Available information indicated that thie strain readily infects

adult mice when inoculated IC while mice inoculated by the IP or SC route

exhibited infectivity. Male ICR mice, approximately 7 weeks old, were infected

via the respiratory route with graded doses of virus which had been propagated !
in Vero cells «fter being passed IC 12 times in suckling mice. The median ‘
respiratory LD_ ., was 2.59 log1 PFU which approximated the titers of other RVFV
straing tested,  The geometrit mean time to death (GMID) .anged from 6.4-12
days. These tesults indicated a high degree of infectivity following aerosol
exposure and were unexpected. In & second study, mice were exposed by the IP
or respiratory routs with graded viral doses Results show that Lunyo virus :
was fatal to mice by eilhter route (Table II1I). The respiratory LD_., was 3.1 :
log. . PF¥U; however, 1007 mortality was not attained at the highest”respiratory

dosg of 4 log 0 PFU. Administration via the TP route failed to produce 50%

mortality at %ose levels up to 6.5 log 0 PFU. Mice that survived the initial

infection were challenged via the resp%ratory route on day 21 with 3.5 PFU of

RVFV strain ZH-501. The highest rate of survival occurred in mice previously

inoculated by the IP route. These data are particularly interesting because

all other RVFV strains previously studied were less virulent for mice when

administered by the respiratory route.

TABLE III. RESPONSE OF ICR MICE TO INFECTION WITH LUNYO VIRUS BY THE RESPIRATORY .
AND IP ROUTES OF ADMINISTRATION s

SURVIVORS CHALLENGED
BY RESPIRATORY ROUTE, DAY 21
WITH 3.51 log,, PFU, ZH-S01 STRAIN

INITIAL INFECTION
WITH LUNYO VIRUS ON DAY O

PR 27 BRI

Dose
(log,, PrU) DEAD/TOQTAL DEAD/TOTAL % MORTALITY .
Respiratory .
0.06 0/20 26/20 100 ”
1.05 0.20 20/20 100 ;
2,08 3/20 15/17 88 R
3.10 13/20 7/7 100
4,03 11720 8/9 89 -
P )
0.75 e/20 17/20 85 .
1.75 1/2: 10/20 50 -
2.75 2/2] 4719 21
3.75 5/20 2/15 13
4.74 4/20 4/16 25 .
5.75 9/20 1/11 9 .
6.53 2/20 11/18 61 ;
Controls 20/20 100

Preliminary studies showed that Maxx and F-344 rats werve susceptible to

_respiratory induced infection with strain ZH-501. The LDSO of Maxx and ¥-344
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rats exposed to graduated aerosol doses of strain ZH-501 was 2.0 and 1.8 log
PFU, respectively. Also, a small number of Wistar-Furth rats were inoculateéo
IP to determine the LD_, dose in preparation for vaccine potency studies. Male
rats, approximately 14 weeks old (mean 280 g) were Inocuiated with graduated
0.4-ml doses of the ZH-501 strain. The rats were highly susceptible as
evidenced by an IPLD5 of < 2 ¥FFU., In another IP infectivity study, uwale ICR
mice were inoculated”with graduated doses of the SA-51 strain, and the median
IPLD50 was 0.1 log10 PFU.

Studies were Initiated to evaluate efficacy of the RVF vaccine against an
aerosol challenge. Male, Wistar-Furth rats, approximately 13 weeks old, were
vaccinated with decreasing quantiries of the NDBR-103 vaccine prepared in African
green monkey kidney cells. Rats were vaccinated on days O and 14. Six separate
groups of rats were glven 4-fold dilutions ranging from 0.4 to 0.0004 ml.
Antibody titers on day 21 were directly related to vaccine dose, with a higher
does inducing a aproportionately higher titer. Rats were challenged via the
respiratory route on day 28 with 4.7 log, ., PFU of the ZH-501 strain. Two of 63
vaccinated rats survived, one each in the 0.4 and 0.03 ml vaccine groups.

A second evaluation was performed using a newer vaccine, TSI GSD-200, and
the challenge dose was reduced 10-fold. The antibody response was dose-related
and comparable to the response elicited by NDBR-103 (Table IV). Against a
challenge of 3.87 log,., the ED5 was 0,04 ml vaccine/dose (95% confidence
interval: 0.00005-0.}3). Geomegric mean antibody titers in rats that survived
the challenge increased 10~-fold or greater inm those rats given less than 0.4 ml
vaccine. Vaccine efficacy against an IP challenge indicated the IPEDSO was 67
nl (Table V) (95% confidence limits of 31-143 ml).

TABLE IV. RESPONSE OF WISTAR-FURTH RATS TO VACCINATION WITH RVF VACCINEa ON
DAYS O AND 14 AND SUBSEQUENT CHALLENGE WITH 3.87 PRU QOF STRAIN ZH-501
V1A THE RESPIRATORY ROU™E ON DAY 28
M TITER RESPONSE TO
VACCINATION (reciprocal) RESPIRATORY CHALLENGE POSTCHALLENGE
REGIMEN ON DAY 21 DEAD/ b PRN-50 titer
(ml vaccine) PRN~50 TOTAL GMTD (reciprocal)
0.4 5,383 2/8 18.0 (14-24) 9,682
0.1 2,198 3/8 10.5  ( 9-20} 15,948
.03 1,549 4/6 11.¢  (10-11) 14,039
0.01 482 5/8 16.0  ( 9-11) 14,084
0.Q016 164 /7 10.0  ( 9-20) -~
0. 0004 37 5/8 9.0 ( 5-13 7,326
Controls 3 1/17 3.0 { 3-6)

8rs1 GSD-200

Geomatric mean

time to death

o me el et

PR R
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IABLE V. RESPONSE OF WISTAR-FURTH RATS TO VACCINATION WITH RVF VACCINE® ON
DAYS O AND 14 AND SUBSEQUENT CHALLENGE WITH 10386 pry oF STRAIN
ZH-501 VIA IP ROUTE ON DAY-28

VACCINATION PRN-50 POSTCHALLENGE
REGIMEN (reciprocal), DEAD/ PRN-50 TITER

(ml vaccine) DAY 21 TOTAL MDTD (reciprocal)
0.08 1,950 0/7 2,283
0.016 1,416 0/8 1,550
0.0032 429 0/8 1,488
0.0064 231 0/8 2,538
0.00128 61 3/8 4 7,854
0.0000256 54 6/8 3 6,318
Controls 10 8/8 3 -

4TSI GSD-200

These data demonstrate that the protection provided by this vaccine against
aerosol challenge 1s less than that against IP challenge. The significance of
the findings relative to disease in man in unknown, although the results show the
inactivated vaccine does not provide complete protection against RVFV disseminated
in small--partical aerosol.

Extracts of blue~green algae were reported to stabilize Legionella pneumophila
in aeroscls (4). Study of the nature of the stabilizing component(s) was performed
by dialyzing algal extract overnight at 4 C against frequent changes of distilled
water. The seroscl stability, at 307 RH, of Legionella suspended in dialyzed
extract, nondialyzed extract, mineral broth (used as a growth medium for algae),
water, and tryptose saline was determined. The stabilizing effect of algal extract
was lost by dialysis, suggesting that at least one component of the stabilizing
system had MW of less than 12,000. Mineral broth also showed considerable stabilizing
activity after a large initial loss. These observations, taken in ccujunction with
the previously reported stabilizing activity of 2,2'-dipyridyl, suggest that the
survival of L. pneumophila in aerosols is strongly influenced by inorganic ions.
Evaluation of 5 algal samples from natural habitats, obtained from Fliermans et al.
(4), showed a tendency towards stabilization by the natural products, but the
difference was not statistically significant. Apparently the aerosol stabilizing
compound was not present in sufficient naturally occurring quantities to produce a
marked effect,

Sequential infection of AKR/J mice with intranasally (IN) instilled influenza
virus followed 3 days later by IM L. pneumophila caused almost 100% mortailty (Table
Vi) (3). Similer doses of the 2 agents given as single infections were not lethal.
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TABLE VI, RESPONSE OF AKR/J MICE TO IN INSTILLATION OF 103°8 ED. ., OF INFLUENZA

VIRUS FOLLOWED BY 10°°" L. PNEUMOPHILA (5) >0
GMTD a DEAD/ b
TREATMENT (days * log SD) P TOTAL P
Influenza virus alone 8.12 (0.05) } 6/29 }
Influenza virus on day 6.57 (0.079)} 27/29 }
0 followed by L.
pneumophila on day 0
L. pneumophila alone NA 0/30 <0.00001

“on day 0

4yirus control mice vs. sequentially infected mice, Student's t-test

bVirus and bacterial control mice vs. sequentially infected mice, Fisher's
exact test

Pathogenesis of the sequential infections was studied by serial killing of
AKR/J mice at various times after infection. Viable counts of virus and bacteria
in the lungs arz given in Table VII. In the course of other sequential infectioms,
e.g., influenza followed by Streptocococcus pneumoniae, the virus suppresses
host defenses and permits proliferation of the bacterium. In this study, however,
L. pneumophila seems to have inhibited viral clearance. Further work must be
done to determine the mechanism of this reactien, but preliminary bacteriologic
and histopathologlc observations suggest that a toxin may be responsible.

TABLE VII. VIABLE COUNT OF INFLUENZA VIRUS AND L. PNEUMOPHILA IN LUNGS OF
SEQUENTIALLY INFECTED AKR/J MICE

GM VIRAL CONCENTRATION GM BACTERIAL CONCENTRATION
(loglO EID5O/1ung) (log SD) (log10 cfu/lung)
DAY AFTER L. VIRAL SEQUENTIAL a BACTERIAL SEQUENTIAL a
PNEUMOPHILA CONTROL INFECTION P CONTROL INFECTION P
-3 2.2 (0.35) 2.2 (0.35)
1 6.6 6.6 6.7 (0.09) 6.5 (0.32)
2 6.6 6.6 5.9 (0.67) 5.6 (0.47)
3 5.6 (0.13) 5.7 (0.33) 5.1 (0.04) 5.0 (0.22)
4 4.8 (0.25) 6.1 (0.21) 0.01 4.6 (0.05) 5.8 (0.24) 0.005
7 1.0 3.2 0.001 5.5 (0.64) 3.2 (1.4) 0.05

aProbability determined by Student's t-test on geometric means. Three mice per
value.!

Each of 2 replicate experiments were performed as follows with squirrel
monkeys: 4 monkeys were given 108 EID50 of the influenza virus intratracheally
(IT) and exposed to an aecosol dose of 108 L. pneumcphila 3 days later; 4
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monkeys were inoculated with saline IT, and after 3 days, with L. pneumophils

(L. pneumophila controls); and 4 monkeys were incculated with influenza virus

IT followed by tryptose saline at 3 days by aerosol (influenza controls). In

the second experiment all animals were killed at 6 days for histopathology and
determinatien of viable virus and bacterial concentrations in the lungs. Although
sequential infections undoubtedly produced more severe illness than did either
agent alone, the viable ccunt data were equivocal. The concentration of virus

in the lungs of the influenza controls was agproximately the same as that seen

in the sequentially infected monkeys (10°-10 EID5 /lung). Similarly, bacterial
counts were very low in both control and sequentia?ly infected groups (<103/lung).
Although histopathology has not yet been completed, it is possible that the
mechanism of action of sequential infection differed from th-~t sees in mice.

The LD5 of L. pneumophila was reduced more than 10-fold in guinea pigs
treated for % days with 40 gm/kg/day of cyclophosphamide and 30 wmg/kg/day £
hydrocortisone. Cyclophosphamide alone resulted in a 5-fold reduction and
corticosteroid alone had no effect (3). Evaluation of the serum microagglutination
(MA) titers of immunosuppressed guinea pigs 14 days after receiving graded doses
of L. pneumophila showed cyclosphosphamlide suppressed the development of humoral
antibody when employed alone. Significant suppression of serum MA titers was not
seen in animals receiving the combination of drugs (Table V1II).

Guinea pigs challenged with 9 x 104 organisms after 4-~-day treatment with
cyclophosptiamide and cortisone evidenced greater concentraticns of L. pneumophila
in lungs and blood at 72 hr and thereafger than did the contrels (Table iX).
When guinea pigs were exposed to 5 x 10 L. pneumophila 4 days after immunosuppresive
therapy was started and the treaiment continued to day 7, all animals died that
receoved cyclophosphamide alone or in combination with hydrocortisone. Those
given the combined treatment, however, died at a significantly more rapid rate.

TABLE VIII. SERUM MA TITER (14-DAY) IN IMMUNOSUPPRESSED GUINEA PIGS (n = 6)

KECIPROCAL GM MA TITER BY DOSAGE

TREATMENT 760 7,600 91,000
Cyclophosphamide 79 256 338
Hydrocrotigone 362% 724 645
Combined 315% 512 no survivors
None (control) 416% 724% £13%

¥ P < 0.01 vs. cyclophosphamide
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TABLE IX. EFFECT OF 4-DAY IMMUNOSUPPRESSION ON VIABLE CONCENTRATION OF L.
PNEUMOPEILA IN BLOOD AND LUNGS

TIME AFTER GM CONCENTRATION OF L. PNEUMOPHILA
INFECTION BLOOD (per mi) LUNGS (total lung)

(hr) TREATED CONTROL TREATED CONTROL
6 6

24 0 0 2.0 x 10 3.3 x 10

48 0 0 4.7 x 107 2.0 x 10’

2 1 9% 8

72 1.7 x 10 4.2 x 10 1.2 x 10 5.0 x 10
3 1 9% 8

96 4.5 x 10 2.0 x 10 6.4 x 10 3.3 x 10

*P < 0.01 vs. control lung

Another factor of interest has been cross-infection by L. pneumophila, i.e.,
the ability of an infected guinea pig to transmit the infection to a normal
cagemate. In 10 experiments, none of the animals housed "downwind" from
infected animals became 11l or seroccuvertad, even though bacterial counts in
the lungs of icfected guinea pigs exceeded 107. Alr samples were taken with
AGI impingers ior 30 min daily for 5 days, and the impinger contents injected
IP into guinea pigs. None of these animals seroconverted, suggesting that the
concentration cf organisms shed by the infected guinea pigs was below the limits
of infection bv the ¥ route (< 1,000).

“he pathogenesis of the Philadelphia-1 and Pontiac strains of L. puneumophila
in guinea pigs was contrasted. The former is the strain used in all experiments
described to date. The latter is interesting “.ecause it was isolated following
an epidemic in which no pneumonic signs were described even though the
regspiratory vract was apparently the portal of entry (6). After aerosol
exposure the Philadelphia-l strain proliferated more rapiuly in the lungs for
the first 48 hr but by 72 and 96 hr, counts were approximately equal for both
strains. In6both cases organisms were first detected In the spleen at 48 hr,
exceeding 10 at 72 hr. Bacteremis was not detected, although hematogenous
spread from the lungs must have occurred. Additionally it was shown that
neither sex nor age posed significant risk factors for infection of guinea pigs.

A vial of lyophilized Bacillus anthracis, Vollum 1B strain, was obtained.
Spore contents of the vial were used to prepare a mass cultures in Thorne's
semisynthetic medium (7). Spores, obtained by heat-shocking, were suspended
in 1% phenolized gelatin-phosphate and stov~d at 4 C.

Virulence tests were conducted with the phenolized suspensions of spores
to veestabl! ‘h the validity of laboratory an.imal models to be used subsequently
for candidate anthrax vaccine evalvations. Results of the dose-response studies
are shown in Table X. The data obtained for parenteral challenge routes in all
3 species were analogous to the firdings reported previously for the Vollum 1B
strain., Dose-response values for oral exposure had not been reported previously.
The oral LD 0 in guinea pigs was equivalent to that determired by aerosol
challenye, goth being approximately 5.0 loglo viable gpores. Fischer-344 rats
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were quite resistant to lethal infections induced by these spores of this strain
of B. anthracis. By contrast, the Fischer-344 rat has been shown to be highly
susceptible to the lethal action of anthrax toxin (8). Guinea pigs, on the other
hand, are susceptible to lethal infection but resistant to anthrax toxin (8).

TABLE X. ANIMAL DOSE RESPONSE TO B. ANTHRACIS, VOLLUM 1B

SPORE LD 0

SPECIES CHALLENGE ROUTE (1og10§
Mice SC 0.7

(Swiss ovtbred)

Guinea pigs IP 2.9
(Hartley strain) aerosol 4.9
oral 4.9
Rats IP >4.0
(¥ischer-344) aerosol >5.7
oral >8.0

Four candidate anthrax vaccines were evaluated in guinea pigs against the
virulent Volium 1B strain. Each of the experimental vaccines were comprised
principally of the protective factor antigen extracted from the V770 strain of
B. anthracis, and each had been prepared by Dr. A. Johnson-Winegar, Pathology
Division, USAMRIID. Strain V770 is avirulent, noncapsulated, and nonproteclytic.
It was used to develop the Wright human vaccine, This strain produced the
protective factor (PF) antigen, but lacks the ability to produce the other 2
antigens (lethal factor and edema factor).

Hartley strain guilnea pigs were given 0.5 ml of the experimental vaccines
SC for a total of 3 injections at 2-week intervals. The same vaccination regimen
was used for 3 control groups of guinea pigs: group 1 received sterile saline,
group 2 was injected SC with the Wright human vaccine, and group 3 was injected
with the Sterne, attenuated viable spore vaccine (concentration of 1 x 10 spores/
0.5 ml). None of the groups showed any adverse reaction to the vaccination
procedures, Skin reactions did occur in the guinea pigs that recelved the
Sterne spore vaccine; each of these guinea pigs developed a necrotizing skin
uicer within 1 week of vaccination, yet they appeared alert and healthy with no
detectable loss in body weight. The skin lesions were circumscribed with some
immediate surrounding edema. The lesions did not appear to penetrate the
musculature. By 2 weeks the lesions were essentially healed. With 7 days after
the vaccine dose 2 wes given in the opposite flank several of the guinea pigs
developed a small, minor lesion at the injection site. All induced lesions had
healed completely prior to administration of dose 3.

Two weeks after the 3rd vaccine injection each guinea plg was challenged
IM with 3,99 log1 viable spores. The guinea pigs were examined daily for 10
days, during whicR time 2 guinea pigs from each group were bled via cardiac
puncture at selected intervals. Whole blood was cultured for B. anthracis, and
serum was assayed for humoral antibodies using the indirect hemagglutination (IHA)
and indirect fluorescent antibody (IFA) techniques. Protective response and
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bacteriologic data are shown in Table XI. All of the salinme control guinea pigs
died within 3 days (MID = 2.11). Protection afforded guinea pigs against
challenge with virulent anthrax by 2 of the experimental vaccine lots (V-10-25
and V-10-13) was analogous to that exhibited by the reference Wright human
vaccine. The other 2 experimental vaccines (Fract 12 and V-10-24) failed to
protect animals. These latter 2 vaccines, however, contained only 20% of the

PF antigen concentration in the previous 2 experimental vaccines. Only 1 of 14
Sterne spore-vaccinated guinea pigs died and this death was delayed to day 10
after challenge. None of the Sterne vaccinated guinea pigs evidenced demonstrable
bacteremia. By contrast a consistent bacteremia developed in guinez pigs
vaccinated with the Wright vaccine or the 4 experimental vaccines. These data
suggest that the immune response from vaccination with viable spores is
significantiy more protective than the response elicited to any of the subunit
immunogens. Serologic assays have not been completed.

TABLE XI. RESPONSE OF VACCINATED GUINEA PIGS CHALLENGED IM WITH VIRULENT B.
ANTHRACIS, VOLLUM 1B (3.99 1og10 SPORES/0.5 ml)

VACCINE NO. BLOOD a SURVIVORS/ %
TREATMENT GUINEA PIGS CULTURE TOTAL CHALLENGED SURVIVAL MID
3 Saline 25 - 0/25 0 2.11
i Wright's 15 + 12/15 80 5.62
(PF ~ soluble) (5,7,10)
Sterne 14 - 13/14 93 10
(viable spores) (2,5,7)
PF ~ soluble 15 + 11/15 73 3.55
{Lot V-10-25) (4,7,10)
; PF - alhydrogel 15 + 12/15 80 6.46
}:. (Lot V-10-13) (5,7,10)
'\
N PF - soluble 15 + 0/15 0 3.3
(Fract 12) (2,5,7)
PF - alhydrogel 15 + 0/15 0 2.7
: (Lot V-10-24) (3>
ﬁi SNumbers in parentheses indicate posirive (or negative) blood culture on
8 postchallenge days
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23, (U) Develop the capability for rapid, early diagnosis of viral and bacterial
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24, (U) Immunologic assays are utilized to include antibody-linked enzymes (ELISA),
fluorescence (FA), radioactive materials or chemiluminescence (CL) of white blood cells
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t =20 or -70 C. Electron microscory detected paramyxoviral particles in half of
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BODY OF REPORT

Project No., 3M162770A870: Risk Assessment of Military Disease Hazards (U)

Work Unit No. 870 BC 068: Technology Development for Rapid Detection and
Identification of BW Agents

Background:

Rapid detection and identification of BW agents or other naturally occurring
infectious organisms is essential to prevent or minimize the mortality and morbidity
of soldiers in the field. This task has fortunately been made less formidable by
recent technological developments such as immunofluorescence microscopy, radioimmuno-
assay, electron microscopy (EM) and immune electron microscopy, chemiluminescence (CL)
and enzyme-linked immunosorbent assay (ELISA). All these assay systems have some
advantages and disadvantages. Therefore there is a real need to investigate which
method 1s simple, sensitive and specific for a given field situation.

Progress:

Rapid Diagnr.sis of Viral Diseases of Military Importance (R. R. Rosato)

Stability study. A study to determine the stability of antigen containing spot
slides was starte. last yesar and has been continued through days 240 and 365.
Although only the 240- and 354-day data are new, all data are presented for complete-~
ness (Table I). Rift Valley fever (RVF) and Pichinde (PIC) viruses were stable at
both 4 or -20 C for up to 365 days; Tacaribe (TCR) for 123 days at both 4 and -20 C,
then stability decreased at both temperatures between 123 and 240 days. West Nile
(WN) stability was similar to TCR to 123 days, but then showed a more pronounced
decrease at 4 C than at -20 C. The decrease noted at both temperatures on day 61
was not noted on day 123 and was probably related to the conjugate used on day 61.
Dengue-2 (DiN-2) was stable to day 123 at 4 C, then decreased at 240 days and 365.

On the basis of this study, the decision was made to can spotslides in an inert atmo-
sphere (nitrogen) and store at -20 C. That process is underway.

Inactivation Study. The problem of residual live virus in prepared spotslides
has been a continuing source of concern. Methods developed at USAMRIID allow pro-
duction of inactivated Ebola (EBO), Machupo (MAC) and lassa (LAS) slides; however,
slides produced under contract have not been inactivated and most contain residual
live virus. A number of viruses are inactivated during slide fixation by acetone or

storage {or periods of time, but partial testing at Yale Arbovirus Research Unit (YARU)

indicates glides of Japanese encephalitis (JE), eastern (EEE) and western (WEE) equine
encephalitis and Chikungunda (CHIK) contain from 3.0 to 5.4 SHICLDSO/O.OZ ml of
resuspended virus,

Data obtained from the 6000 inactivation study described in the last annual
report indicastes that 300,000 rad did not inactivate some alphaviruses when assayved
by SHICLDSO test.
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TABLE I. STABILITY OF FA ANTIGENICITY AFTER STORAGE AT VARIOUS TEMPERATURES

4 C -20 C

Days Days
Virus 0 30 61 123 240  365C 0 30 61 123 240 365
TCR 2 3 4 3 1 1 3 3 4 3 1 1
PIC 4 4 4 4 4 4 4 4 4 4 4 4
EEE 3 2 4 3 2 ) 3 2 4 4 4
DEN-2 2 1 & 4 2 o 2 1 & 3 2
WK 3 4 2 3 1 1 3 3 2 3 2 2
RVF 4 4 4 3 4 3 4 4 4 4 4 4

aintensity on a scale of 1 to 4+, average B spots
conjugate changed for both temperatures
moisture on all slides when opened

Even so, data is being accumulated that indicates 6OCO may be the nondestructive
method of choice for the inactivation of most virus spotslides. As new, fresh lots
of spotslides are pypgduced we will determine the presence of residual virus, if auy,
and the effects of " Co irradiation on viability.

Sensitivity Study. The sensitivity of the IFA test (i.e. detection of antibodies
in relation to other standardized methods) is important in assessing its usability as
diagnestic procedure. Using standardized reference sera obtained from NIH, homolegous
IFA titers vere determined and compared with published suckling mouse ICLD..,

(SMICLD ) neutralization, complement fixing (CF), and hemagglutinatiag inﬁ?bitiou
(HAL) values. Relative  TA scnsitivities to each test were calculated by dividing
the IFA titer by the specific titer given for each serum by a specific test. Results
(Table I1) indicate the IFA test is less scasitive in all instances than SMICLD,.,. necu-
tralization which in turn is more sensitive than the C¥ and HI tests. Equivaledce is
{ndicated by a value of 1.0, <l more sensitive, sl less semsitive.

This data strongly indicates fluorescent antibedy technigues should becaze the
Instirute's primar : method for routine serodiagnesis for all but vaccine and immuniza-
tion protocols which are based on neutralization antibdody titers. A cerrelatien
between FA and NT titers has yet to be demonstrated.
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Testing of unknowns. Identification of coded, unknown sera supplied by Dr.
Casals, YARU, was finished. Initial screening using polyvalent group slides indi-
cated 4 group A (#2, 3, 5, 13), and 7 group B (#1, 4, 7, 8, 9, 10, 11). Two sera
(6, 12) were both group A and group B mnegative. When the latter were tested against
monospecific slides for LaCrosse (LAC), lymphocytic choriomeningitis (LCM), PIC, TICR,
MAC, Junin (JUN), sandfly fever-Sicilian (SF-S8), Oropouche (ORO), RVF, sandfly
fever-Naples (SF-N), Hazara (HAZ), Korean hemorrhagic fever (KHF), and LAS: one was
positive at 265 for SF-N, and the other was positive at 1024 for ORO. No other reac-
tions were seen with any other antigens tested. All sera were rfurther tested and we
concluded: #2 - Venezuelan equine encephalomyelitis (VEE), 3 - EEE, 5 - CHIK,

13 -~ WEE, 6 - SF~N, i2 - ORO, 1 - DEN-1, 7 - DEN-2, 11 - DEN-4, 8 - JE, 10 - Langat
(LGT), 4 - yellow fever (YF), and 9 - a negative, giving a false positive group reac-
tion at low dilution, a low titered group serum or a flavivirus other than those for
which tests were run, Dr. Casals verified the correct identification of 12 of the
13 samples, including the specific identification of the 3 dengue serotypes submitted.
The single serum not identified was #9 (SF-S) which reacted with the group polyvalent
antigen slide and led us astray.

We are pleased that the IFA system developed in conjunction with Dr. Casais for
serodiagnosis, is the most viable, broadbased (29 viruses) system available at
USAMRIID at this time.

Laboratory Diagnosis of Viral Disease of Military Importance (J. P. McCarthy)

In vitro stimulation of PMN chemiuminescence (CL). Bacterial studies. Poly-
merphonuclear leukocytes wege isolated from pooled whole blood of 4 normal Fischer-
Dunning rats. One ml of 10° live vaccine strain (LVS) Francisella tularensis,
Streptococcus pneumoniae, or Salmonella typhimurium organisms was thoroughly mixed
with 1 ml of LVS immune serum (titer >1:256 by microagglytination)'and incubated
at 37 ¢ (H,0 bath) for 30 min. Following opsonization, 10’ bacteria were added to 10
PMN and the CL was measured for at least 15 min using the Picolite Luminometer. Only
LVS bacteria stimulated an elevated PMN CL response when compared to coutrols. Both
S. typhimurium and S. pneumoniae failed to elicit an increased PMN response. Addi-
tional scudies demonstrated that the PMN CL assay could be used to detect as low as
5 x 106 LS and 5 x 10° live or heat-killed S. typhimurium.

5

Viral studies. PMN were isolated from pooled whole blood of & normal male
Hartley guinea pigs. One ml of 1010 VEE virus (TC-83 strain) or 109 PIC virus wvas
thoroughly mixed with 1 ml of PIC virus immune serum (titer: 600 by IFA) and incu-
bated at 37 C. Each opsonized virus was spuun at 35,000 x ¢ for 1 hr at 25 C, super-
natant fluid discarded and the virus resuspended in 1 ml of HBSS. Opsonized PIC virus
(5 x 10°) and VEE virus (5 x 108 or 5 x 10 ) were each added tu 10® PMN and the CL
measured for 20 min using a Tricarb Scintillation Counter. As seen in the bacterial
studies only the PIC virus stimulated an elevated PMN CL response in vitro. Neither
concentration of VEE virus opsonized with the PIC virus Immune serum to causec an
increase in the PMN CL. TFurther studies suggest that thls assay can be used to detect
as low as 1(G3-10% PIC virus.

These studies suggest that viruses and bacteria must be opsonized with homologous
immune serxum to stimulate an elevated PMN CL response in vitro. Further, the in vitro
PMN CL assay may be a valuable tool for the rapid identification of BW agents.

ta
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Effect of exercise on endogenous PMN CL., Studies were performed to measure the
effect of exercise on the endogenous FMN CL response of immune and neorimmune rats
following challenge with LVS. Male Sprague~Dawley rats were immunized by a single IP
injection of 10% LVS/100 g body weight and allowed 14 days to develop an antibody
titer (21:2048 by microagglutination). Rats were then separated into categories of
exercised and nonexercised or sedertary with each category containing 4 subgroups:

(a) nonimmune noninfected, (b) norn ™mune infected, (c) immune noninfected, and (d)
immune infected. Each subgroup coutained 2 rats. Rats were injected IP with 107
LVS/100 g body weight and the PMN CL was measured 24 hr following injection. Control
animals were injected IP with an equal volume of trypteose-saline culture medium. Exer-
cised rats were forced to run using a wheel running apparatus for 60 min at 15 m/min
just prior to PMN isolation. Significant fever (P < 0.05) was measured in nonimmuce
infected animuls 24 hr following injection. The integrated area of the PMN CL response
from nonimmune-infected exercised rats was significantly decreased (P . 0.001) as com-
pared to the nonimmune infected sedentary animals., The integrated area of the PMN CL
response from immune infected exercised rats was also decreased as compared to immune
infected sedentary animals.,

In vitro effects of Legionella extracis on rats PMN CL. Studies were performed
to measure the effect of protein extracts fiom various strains of Legionellia organisms
on basal endogenous rat PMN CL in vitro. Briefly, Legionella organisms were sonicated
and centrifuged for 30 min at 17,000 rpm. Supernatant fluid was agid-precipated with
2 N HC1 to pH 3.5 and centrifuged for 20 min at 17,000 rpm, tiien plsced on a prepara-
tive isotachophor column and fractions containing homclogous peaks were collected and
combined. Extracts were prepared from genetically related Washington, Atlanta and Los
Angeles strains of Legionella preumophila and genetically unrelated Legionella dumoffi,
bozemanii and macadeili strains. Although the latter strains are genetically unrelated

to Washington, Atlanta and Los Angeles strains, studies by Colonel Hedlund have showm
that all the above strains are antigenically related.

Experiments were performed measuring the effect of protein samples from acid
pirecipitation supernatant fluid and preparative isotachophor peaks on basal endogenous
rat PMN CL. Chemiluminescence was measured from rat PMN following a 15-min incubation
at 37 C with 8.0 ug of protein extract. Controls were treated identically using equal
amounts (wt/vol) of hovine serum albumin. Results showed that each Legionella strain
tested decraased the basal endogenous PMN CL response compared to BSA control values.,
PMN suspansions were shown to be greater than 90% viable following incubation with pro-
tein extracts uzing the trypan blue dye exclusion test. These results suggest that
slthough various straims of Legion lla have been shown to be genetically unrelated,
they are antigenically related and way share a common pathogenicity.

Mezsurement of PMN CL during bacterial infection usitig 5 newly developed whole
blood assay. Studies weire performed to determine if alterations in endogenous PMN CL
of rats during bacterial {nlection could be detected using whole blood rather than
isolated neutrophils. Rats weve injected IP with 10  live or heat killed LVS/100 g
body weight and PMN CL response using whole blood mcasured 24 hr following {njectien.
Controls veceived an equal volume of tryptose saline culture mediuvm. Fever was meas-
ured in rats injected with live LVS. Heparinized vhole bleod (80 U/mi) was diluted
1:100 with HBSS and maintained at 5 C. The fellowing were added: 5u ul of opsonized
zymosan (4 wg/wl) as a stioulus, 20041 of luminol (10 -3y, pH 7.2) and then 2000 ul
of diluted whole blood to a &5-ml glass liquid scintillation wvial. Follow-
ing addition of whoie blood, the vial was immediately placed in a Tricarb liquid
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scintillation counter and CL was measured for 0.2 min. Following measurement the
vial was piaced in a water bath at 37 C and PMN (L measured at l-min intervals for
20 min. Chemiluminescence is reported as cpm/PMN using the mean of 3 white blood
counts and whole blood differential (500 cells) to determine the concentration of
PMN in the assay vial. In 3 separate experiments, in vitro zymosan stimulation
caused a significant increase in the PMN CL vesponse of whole bleood isolated from
rats injected with live LVS as compared to the PMN (L response from whole blood of
rats injected with either heat-killed bacteria or tryptose saline culture medium.

These studies demonstrated for the first time that alteration in PMN CL during
bacterial infections can be detected using whole blood rather than PMN isolates.
Further studies will be required to completely evaluate the applications of this new
technology in rapid diagnosis and prognosis of bacterial infections in the host,

Evaluation of electron microscopy for rapid viral detection (F. Macagaet)

Flectron microscopy. The traditional way of recognizing the presence of viruses
in cell cultures is to observe for cytopathic effect (CPE) by light microscopy, but
such events may take days or even weeks to develop. On the other hand, viral parti-
cles can be demonstrated by electron microscope (EM} examination of infected cells as
early as several hours following inoculation, thereby groviding a potentially rapid
means of detection. Although identification by EM is limited to morphological group-
ing of a virus, this is probably all that is needed to initiate proper therapeutic or
preventive measures. A specific treatment modality can follow after complete serolog-
ical identification of the isolated virus.

The role of EM in rapid diagrnosis was evaluated by examining infected cell cul-
tures 24 hr following inoculation with clinieal specimens, a time when no visible CPE
was detectable, In 8 cultures infected with parajnfluenza viru: 3, 4 were positive
for viral particles by EM. However, no virions were seen in 5 entero- or 2 herpes-~
infected cultures examined in the same wanner but at a different time. Preliminary
results indicated that direct EM of clinical specimens was rapid but lacked sensi-
tivity. Improved detection of viruses by EM after direct ultracentrifugation of
specimens to ine grid should next be evaluated for its usefulness in providing early
diagnosis.

The enzyme-linked lmmunospecific assay (ELISA) for antibody determination has
also been found useful for antigen detection. One of the drawbacks of this procedure
is the need for high-titered specific antibody. However, ELISA is sensitive and rapid;
therefore its applicability in the clinical laboratory was explored. Preliminary
experiments émployed a YEE TC-83 antigen detection system and followed previously
published staandard procedures.

Evaluation of ELISA for rapid viral detection. Quality of the captured antibody
appeared to determine the scensitivity of the test. When untreated rabbit anti-VEE
(tiver of 1:1280 to 1:2560 by PRM test) or NH,S04-precipated IgC was used as capture
antibody, the test could detect VEE TC-83 in concentrations of 107-108 PFY/ml. How-
ever, with affinity chromategraphy (AC)-purified 1gG, the sensitivity increaced about
1000-fold. The preblers with AC were that large quantities of antiserum and antigen
were needed for each purification procedure and the purified IgC were not stabie when
sterad tor more than a week at 4 €. These prodlems should be easy Lo resolve and it
appears that the antigen capture &LISA will be s good technique for rapid viral detec-
tion.
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Routine clinical vireclogy. Twenty-three viruses from about 400 clinical speci-
mens were isloated and identified in primary monkey kidney and human lung fibroblast
cell cultures. Most were enterovirus, herpes or parainfluenza viruses from patients
with relatively minor illnesses such as upper respivatory tract infectioms, sores or
gastroenteritis.

Publications:

1. Foulke, R. S., R. R, Rosato, and G. R, French. 1981, Structural polypep-
tides of Hazara Virus., J. Gen. Microbiol. 53:169-172.

2, Rice, R, M., B, J. Erlick, R. R. Rosato, G. A. Eddy, and S. B. Mohanty.
1980. Biochemical characterization of Rift Valley Fever Virus. Virology 105:256-260.

3. Walder, R., R. L. Rosato, and G. A. Eddy. 1981. Virion polypeptide
heterogenicity among virulent and avirulent strains of Eastern Equine Encephalitis
(EEE) virus. Arch. Virol. 68:229-238.
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BODY OF REPORT

Project No. 3M152770A871: Military Disease, Injury and Health Hazards (U)

Work Unit No. 871 BA 150: Prevention of BW Diseases Caused by Microbial Toxins

Background:

Among the bacterial toxins considered to be potential BW agents, the 7 neuro-
toxins produced by the bacterium Clostridium botulinum and the lethal toxin complex
produced by the bacterium Bacillus anthracis are of the most concern,

Botulinal neurotoxins are the most potent biological toxins known, Their ease
of production, stability and lethality qualify them as very high priority toxins for
potential use as overt, covert, terrorist and/or BW agents against both military
and/or civilian populations. The primary site of action for the botulinal toxins is
the cholinergic nerve terminal, where they block the release of the neurotransmitter
acetylcholine, Peisoning results in flaccid paralysis; respiratory failure is the
usual cause of desth. The protection of personnel potentially at risk through ex-
posure to botulinal neurotoxins, the treatment of exposed individuals and the rapid
detection of threat toxins are all of considerable concern to both the field
comnander and the at-risk laboratory worker.

Each of the 7 types of botulinal neurntoxin, designated A-G, is immunologically
distinct but pharmacologically similar in action. The amount of botulinal toxin
sufficient to be immunogenic in man is thought to far exceed the lethal dose for
man. Therefore, potulinal toxoid (toxin which has been chemically modified such
that it is no longer toxic but is antigenic) has been traditionally used as an
immunogen. A pentavalent (ABCDT) botulinal toxoid was produced by Parke-Davis (PD),
under contract to the Army, in the late 1950s. This toxoid, which contains only
about 10% neurotoxoid, is in use today. The crude toxoild produces sustained measur-
able antibody titers in humans only after a series of 4 injections administered over
a period of 1 year. Mild side reactions, including tenderness, erythema, induration,
and swelling at the site of injection, are common. The PD toxoid, along with the
responsibility for its distriburion, now belongs to the Centers for Disease Control
(CDC), Atlanta, GA. At the current CDM rate of distribution, the Nation's supply
(both military and civilian) of PD toxuid will be exhausted by the spring of 1982.

A new, less reactogenic yet highly immunogenic, botulinal toxold prepared from
highly purified neurotoxins and capable of inducing protective immunity to all 7
types of toxin is required. Toward this end, optimal fermentor conditiomns for the
production of type A and type B neurotoxin have been developed by USAMRIID scien-
tists (1, 2).

Until recently the only antitoxin available for the treatment of botulism
patients was prepared in horses and is provided to the U.S. by a Canadian firm. The
aquine antitoxin initilates adverse reactions in many reciplents and is useful for
the neutralization of only 5 (ABCDE) of the 7 known botulinal neurotoxins.

.1
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Unfortunately, treatment with specific antitoxin does not reverse existing
botulinal toxin-induced paralysis. However, the compounds s-~aminopyridine (4-AP)
and 3,4-diaminopyridine (3,4-DAP) avre very effective in antagonizing the blockage
of transmitter release resulting from botulinal poisoning (3).

The methods now available for detecting and assaying, in a variety of media,
nanogram quantities of botulinal toxin are both time consuming ~nd cumbersomo
procedures and require considerable modernization with new technologies.

Anthrax has long been considered a highly efrective potential BW agent. Of
particular concern is the aeroscl deployment of anthrax spores, The spore.: are
very resistant to inactivation by heat, sunlight and drying, A systemic infectinn,
subsequent to exposure by aerosol, is difficult to diagnose and often fatal. The
pathogenesis of anthrax infection is poorly defined; factors to be comsidered in-
clude pulmonary germination of the anthrax spore, systemic multiplicatira, and per-
sistence of anthrax bacilli, elaboration of the lethal toxin complex, the mechanism
of toxin action at the cellular and subcellular levels and the precise mecharisms
of action on the host organism as a whole. Earlier work (4) revealed the presence
of 3 distinct components of the complex: lethal factor (LF), edeme factor (EF),
and protective antigen (PA). A biological activity has nct been described for PA.
However, PA is required for expression of the biological activity of LF and EF (5).
The anthrax vaccine licensed for use in man is produced under culzural conditions
that support the production and release of substantial quantitiec of PA by an
avirulent strain of B. anthracis (6). The culture supernatant containing PA and
numercus other metabolic products is alum—-adsorbed, stabilized uud then bottled for
human use. No attempts have been made to characterize the antigens present in this
vaccine or to improve the vaccine by selective purification of PA and/or other com-
ponents necessary for establishing protective immunity. The only animal vaccine
licensed in the U.S. is a live spore vaccine made from the avirulent Sterne strain
of B. anthracis. Both vaccines provide protection against laboratory challenge of
immunized guinea pigs and against naturally acquired intection (as evidenced by

epidemiological observations) of man and animals respectively. The basic mechanisms,

and essential antigens necessary for the rapid establithment of optimal active
immunity are unknown. A better understanding of the development and establishment
of the immune response to anthrax is a necessary prerequisite to an overall approach
in the prevention of anthrax by active immunization.

Progress:

Two experimental lots of type A botulinum toxin were produced using the stan-
dard fermeantor conditions developed at USAMRIID (1). Each lot wss highly purified
using a procedure developed in this labecatory. The first toxin lot yielded 100
mg of neurotoxin, representing 20% recovery from the starting material (culture
fluid). The overall purification achi.ved was approximately 800-fold on the basis
of LDSO/mg protein. The second lot contained 66 mg of neurotoxin, a 13% recovery
and a 500-fold purification. These preparations were used to develop a toxolding
methodology for type A botulinal neurotoxin. Purified type A neurotoxin in 0.2 M
succinate buffer, pH 5.5, was filtered through a nitrocellulose membrane (0.2-pm
pore size) and mixed with an equal volume of sterile 1.2% formalin in succinate
buffer (final formalin conceantration 0.6%). The preparation was mixed, placed at
35°C, and sampled with time. The samples were dialyzed in succinate buffer for
24 hr to remove formalin, and injected into mice to determine residual toxicity as
LDSO/ml.
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An evaluation of the efficacy of a fluid neurotoxoid vs, Al(OH)3— adsorbed
neurotoxoids was begun., (Only aluminum compounds are used as adjuvants in toxoids
licensed in the U.S5.) A small quantity of type A neurotoxoild prepared with 0.6%
formalin (28-day incubation) was adsorbed to A1(OH)j3 (final concentration 4 mg/ml).
This adsorbed neurotoxoid was uded to immunize mice (0.5 ml, sc)., A 2nd group of
mice received 0.5 ml sc of the corresponding unadsorbed neurotoxoid, Control
groups of mice were injected with A1(CH)4 (4 mg/ml in succinate buffer) or with
buffer only. At 4 weeks postinjection, all mice will be challenged with one of

several toxin doses and the level of protection provided by each neurotoxoid will
be determined.

One lot of neurotoxoid (0.6% formalin for 28 days) was dialyzed to remove
formalin and stored at 4°C. This preparation is being tested weekly for toxicity
to determine the stability of the neurotoxoid.

During this year studies were also initiated with C. botulinum type E. Unlike
type A neurotoxin, type E neurotoxin is produced as a progenitor molecule which
must be activated to attain maximum toxicity. The progenitor toxin can be activated
by treatment with trypsin. _QL botulinum type E was cultivated in a fermentor
system for the first time (7). The culture medium consisted of 2,0% casein
hydrolysate, 0.5% yeast extract and 1.0%7 glucose. Fermentation conditions were:
nitrogen overlay (5 L/min), agitation rate of 50 rpm, and a temperature of 30 C.
Under these conditions, the maximum amount of toxin (1.5 X 103 mouse IP LD50/m1
after trypsin activation) was produced with only 12-24 hr. 1In contrast, the static
cultures traditionally used to produce toxin must be maintained for 96-100 hr to
yield comparable amounts of toxin. Increasing the concentration of yeast extract
in the fermentor culture medium to 1.5% resulted in an increase in toxin production
(2.8 X 103 ID5o/ml after activationm). Such yields are adequate to begin the de-
velopment of methods for the purification and toxoiding of type E neurotoxin.

In response to a telephonic request from CDC, 496 vials (4,960 doses) of
botulinum toxoid adsorbed pentavalent (ABCDE), Michigau Department of Public Health
(MDPH) Lot #A-2, were tramnsferred to CDC. The quantity of toxoid provided them
should temporarily replenish the Nation's supply of pentavalent botulinal toxoid.
This pentavalent toxoid, and several monovalent toxoids, were produced in the 1970s
by MDPH. The toxoids were prepared by a method almost identical to that used by
Parike-Davis in the 1950s to prepare the pentavalent toxoid currently used. This
MDPH pentavalent toxoid was bottled for USAMRIID in 1978 and during 1979-1981 was
evaluated in USAMRIID volunteers (8). The toxoid is now stockpiled at USAMRIID and
at CDC. However, it serves only as a "stop gap" measure until the new and improved
USAMRIID develnped neurotoxolds become available.

The Alaska Investigations Division of the DHEW requested assistance from
USAMRIID in developing and executing a program for the immunization of Alaskan
natives with a monovalent type E botulinum toxoid. USAMRIID volunteers (22) were
imnunized with an MDPH-produced monovalent type E botulinal toxoid. No significant
adverse reactions occurred. Determination of the immunogenicity of this toxoid has
begun.

A program for the collection by plasmapheresis of Botulism Immune Single Donor
Plasma (Human) (IND-1332) was completed during December of FY 1981; 2,381 litevs
of plasma were obtained and screened for antibody activicy to botulinal toxins
during the course of this program. One thousand sixty-one liters of this plasma
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were selected and shipped to Dr. Richard Condie, Director of the Minnesota ALG
Program, for the preparation of Botulism Immune Globulin (human).

The Army-owned horse "First Flight" was hyperimmunized, by the use of botulinal
toxoids of all common toxin types (ABCDEFG) and subsequently with the homologous
botulinal toxins. This horse was transported to, and is now housed at, the
University of Minnesota, Minneapolis, Over 200 L of Heptavalent Botulism Immume
Plasma (equine) were collected by plasmapheresis from First Flight. A pilot lot of
the plasma was processed in Dr. Condie's laboratory, from which 350 ml of immuno-
globulin was prepared. The immunoglobulin is of IV quality, has substantial
neutralizing activity for all 7 botulinal toxin types and is now available for
emergency use.

Mice poisoned with type A toxin develop signs of botulism and die within a
much shorter time period than do mice poisoned with an equivalent quantity of type
B toxin. Clinical observations also suggest a difference in the effects of types
A and B botulinal toxins. For example, the mean duration of hospitalization is
reported to be longer for individuals poisoned with type A toxin, 39 days, than for
those poisoned with type B toxin, 24 days (9). A study was designed to determine
if a difference in the potency of these toxins occurs at the cellular level in a
defined animal model. All experiments were performed in vivo on the extensor
digitorum longus (EDL) muscle of male Wistar rats (150-200 gm). Crystalline C.

botulinum type A (hemagglutinin, MW 500,000 + neurotoxin, MW 150,000) and purified

type B toxin (neurotoxin, MW 167,000) were prepared for injection in a phosphate-
gelatin buffer at pH 6.2, A single 0.25-ml bolus of either type A or B toxin was
injected sc into the anterolateral region of the right hind leg, superficial to the
distal portion of the tibialis anterior muscle. Two precisely determined dosages of
each toxin were used: 20 and 4 LDgp of type A and 234 and 24 LDgg of type B. At
various times after toxin injection, the rats were anesthetized with a-chloralose
(75 mg/kg, IP). The deep peroneal nerve was stimulated with short duration (2 msec)
and maximal amplitude (4-7 V) square pulses using a Grass S88 stimulator. Muscles
were considered paralyzed when their average single twitch tension was less than 5%
of normal.

Both 20 and 4 LDgp of type A botulinal toxin produced muscle paralysis within
24 hr of injection. The muscles receiving 20 LDy, remained paralyzed through 10
days after injection, but showed some signs of recovery at 14 days. The muscles
treated with 4 LD5g of type A began to recover at 10 days and were about 30% of
normal at 14 days.

The muscles injected with 235 LD o °f type B were also paralyzed within one
day and remained so through day 3. However, at 6 days, these muscles began to
recover and were not significantly different from normal at 14 days. In contrast,
the muscles treated with 24 LD o of type B toxin were never paralyzed, but showed
a reduction in twitch tension at 6 days.

These results corroborate laboratory findings in mice and clinical observations
of man regarding the action of types A and B botulinum toxin; i.e., the duration of
effect for type B is less than that of type A. The present findings also demonstrate
that a greater amount of type B toxin is required to produce an effect similar to
type A. The reason for this difference in action is unclear, but may result from
type B dissociating from its binding site more readily and/or degradation occurring
at a more rapid rate.
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In a preliminary experiment, type A neurotoxin was rendered completely non-
toxic for mice in 48 hr by 0.6% formalin, and remained nontoxic for the duration of
the experiment, 28 days (Table I). This experiment was repeated, with sampling
done at shorter intervals, Again the preparation was nontoxic for mice in 48 hr,
However, toxicity was detected at 3 and 5 days, but not at 7 days, nor for the
duration of the experiment (28 days). A study 1is currently in progress comparing
the kinetics of detoxification of a single lot of toxin (2.5 X 106 LDSO/ml) by 0.1,
0.2, 0.4, 0.6, 0.8 and 1.0% formalin,

Table I. TOXOIDING KINETICS OF TYPE A BOTULINAL NEUROTOXIN IN THE PRESENCE OF 0.6%
FORMALIN.

PRELIMINARY® REPEATD
iy s/ ) Whyg/nh
0 6.3 X 10° 0 5.6 X 107
6 6.3 X 102 2 1.6 x 104
12 6.3 x 10! 4 3.2 x 103
24 2.0 x 10! 6 1.6 X 103
48 Nontoxic 12 3.2 X 10°
5 days Nontoxic 24 2.8 X 101
7 days Nontoxic 36 6
14 days Nontoxic 48 Nontoxic
21 days Nontoxic 3 days 6
28 days Nontoxic 5 days 6.3 x 101
7 days Nontoxic
14 days Nontoxic
21 days Nontoxic
28 days Nontoxic

arnitial toxin concentration: 1.4 X 108 LDSO/ml

bInitial toxin concentration: 1.6 X 106 LDSO/ml
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In addition, it was observed that 3,4-DAP was less effective in reversing the
paralysis induced by type B toxin than with type A, However, further experiments
are needed to determine the nature of the difference between types A and B neuro-
toxin.

In an effort to establish a nonhuman primate model suitable for evaluating the
efficacy of aminopyridine compounds in the treatment of botulism, 6 cynomolgus
monkeys were poisoned IV with partially purified type A toxin. Each monkey was
maintained separately and fitted with a leather metabolic jacket which allowed com-
plete freedom of movement within the cage and free access to food and water. An
indwelling catheter extending from the jagular vein, through a flexible steel cable
attached to the jacket, and extending outside the cage, provided a route for the
infusion of toxin and 3,4-DAP, as well as a route for the collection of whole blood.

Monkeys were inoculated with 100-371 mouse LD5g of neurotoxin/kg body wt. On-
set of signs of botulism correlated with the dosage of toxin given, ranging in time
of first appearance from 10-31 hr after poisoning. The administration of 3,4-DAP,
which has been reported to be less of a convulsant than 4-AP, was delayed from 3-6
hr after appearance of the first signs of botulism, and the interval between the
1st and 2nd treatment extended from 1.75 to 5 hr. 3,4~DAP was administered as a
single bolus of 1.1~2.1 mg/kg given before poisoning, and/or as multiple doses
after the development of severe signs, or as a continuous IV drip of 0.78-0.95 mg/
kg/hr.

The first sign observed in all of the poisconed animals was choking while
attempting to swallow bits of dry food. Muscular weakness and, in some monkeys,
ptosis were the next signs to appear; regpiratory distress followed soon there-
after. Next, the acceptance of food ceased and swallowing of water became difficult.
As the 1llness progressed, a closed~-mouth rhythmic respiratory pattern gave way to
an open-mouthed, shallow, abdominal, gasping pattern. Oral and nasal discharges,
white, forthy, and often stringy, became increasingly evident. This was probably
due to an increasing inability to swallow, rather than an increase in oral secre-
tions. Death, attributed to respiratory insufficiency, and in one monkey possibly
complicated by drug overdose, soon followed.

All inoculated monkeys responded favorably within 2-10 min after treatment with
3,4-DAP at 1.0-2.6 mg/kg. The clinical response of each monkey varied according to
the degree and duration of paralysis existing at the time of treatment. In gemneral,
muscle tone returned, strengti of grip increased, prostrate animals were again able
to stand, ptosis was reduced or negated, and respiratory patterns improved unequivo-
cally., Unfortunately, within 2 hr after the initial 3,4-DAP treatment, signs of
paralysis returned. Treatment with a second equivalent dose of 3,4-DAP induced a
regponse considerably less dramatic than that observed after the initial dose. The
continuous IV administration of 3,4~DAP did not prevent the return or the pro-
gression of the paralytic signs of boiulism.

Although the small number of monkeys utilized in this pilot study was insuf-
ficient to establish'many important factors, such as the IV LDcy for untreated
cynumolgus monkeys, numerous promising trends were observed; (4) cynomolgous
monkeys present a very uniform sequence of events when inoculated IV with type A
botulinal toxin, and the sequence parallels that seen in man; (b) treatment with
3,4-DAP provided a definite improvement in muscle strength, mobility, and respira-
tory pattern of poisoned monkeys; (c) the drug-induced regression of clinical signs
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was consistently transient, lasting only about 2 hr; (d) response to subsequent
treatment with 3,4~DAP was less than that induced by the initial treatment; (e) at
the doses of toxin and drug administered, 3,4-DAP was not convulsive, possibly pro-
longed survival, but did not prevent death; and (f) the metabolic jacket apparatus,
while allowing for freedom of movement, provided a convenient and nonrestrictive
means for the administration of drugs, the sampling of body fluids, and most im-
portantly, the uninhibited observation of the natural progression of botulism in
this nonhuman primate wmodel,
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An enzyme-linked immunosorbent assay (ELISA) was developed for the detection
and quantification of C. botulinum type G toxin. Using a "double-sandwich" tech-
nique and alkaline phosphatase as the enzyme indicator, type G toxin was detected
in quantities equaling that required for 1 mouse LDgg. Time required for the pro-
cedure was approximacely 4.5 hr, but this requiremen® could be reduced to 5.5 hr or
less by using riecoated platcs stored at -70 C.

IR RN, & FEIRRIM DA SN

1

Numzrous procedures were investigated for use in th2 production and purifica- :
tion of anthrax protective antigen (PA). For the fermentor production of PA, B. "
authracils strain V770-NP1-R was grown in a synthetic medium (6). A standard -
purification procedure developed at USAMRIID is routinely employed for the isolation -3
of PA from culture supernatant. Bacteria are removed by centrifugation. Next, an i
ion-exchange resin (DEAE-cellulose) is added to the culture supermatant to bind, -
along with other proteins, the PA, Adsorption and elution are accomplished in
ammonium acetate buffer (pH 8.0); the PA is subsequently eluted from the resin
using 1 M NaCl. The protein is recovered in one large peak, consisting of 8-10
components, one of which is PA. Analysis of this partially purified material has
shown that it is antigenic and affords a certain level of protection in animals. E
Rats were immunized with this material and have survived an IV toxin challenge;
guinea pigs were immunized with this same partially purified antigen and survived
an IM challenge (200 LD5 ) of the Vollum strain anthrax spores. Another lot of
this partially purified PA was adsorbed on Alhydrogel (3 commercially available
aluminum hydroxide gel suspension); animals were immunized in an identical fashion.
These data are summarized in Table II.

e
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Table II. EVALUATION OF ANTHRAX IMMUNOGENS IN RATS AND GUINEA PIGS .
NO. SURVIVORS,/NO. CHALLENGED i

TREATMENT RATS GCUINEA PIGS s
Saline 0/8 0/15 <
Wright's vaccine :2
(licensed human vaccine) 8/8 12/15 3
Soluble PA Ez
(USAMRIID) 8/8 . 11715 ‘}
b

Alhydrogel ’i
(USAMRIID) 414 12/15% i

;;
3
.
-~
i

Anvax Sterne vaccine
(licensed animal vaccine) 414 13715
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Sera were obtained frem animals surviving challenge and antibody titers were
neasured using the indirect hemagglutination IHA assay, as directed by Fuchanan
et al. (10). Geometric mean titers for surviving rats in all groups were >4096.
Final titers in the guinea pig groups described above were: Wright's vaccine
>2948, <4096; soluble PA >1024, <2048; and PA-Alhydrogel >512, <1024; Sterme
vaccine >2048, <4096,

HA titers are obtained using PA antigen prepared by MDPH under contract to
USAMRIID. A new lot of this antigen was prepared in June 1981 and subsequently
delivered to USAMRIID. Analvsis of this material by standard biochemical tech-
niques showed that the protein concentration was about 140 p/ml and the protein
pattern on an SDS-acrylamide gel indicated the product was >95% pure, and composed
primarily of a single band having a MW of about 85,000-90,000. Guinea pigs have
been immunized with purified material in order to determine its immunogenicity.
Substantial quantities of anthrax antiserum have been harvested from horses,
burros, and goats immunized with Sterne strain spores. These antisera are used
to detect various componerts of anthrax toxin present in culture supernatants and
in column fractions collected during purification procedures. PA seems to pro-
duce the most pr>dominant band of precipitate in an Ouchterlony double diffusion
g.l when reacted with the horse serum. Several hundred milliliters of horse
serum have been supplied to various investigators at USAMRIID and to Dr. Curtis
Thorne, a USAMRDC contractor, who is investigating the genetics of anthrax.

Levels of PA antigen production have been determined for several strains of an-
thrax. The V770-NP1-R strain, when produced in totally synthet medium, produced
PA having an OQuchterlony titer of 1:1-1:2. Thorne has reporied Cuchterlony titers
as high as 1:8 using the Sterne strain in casamino acid medium.

Using the indirect HA assay, the sera of over 100 USAMRIID ,. rsonnel re-
ceiving anthrax immunizations have been evaluated. Numervus individuals are now
receiving booster imm 1izations at one-year intervais. T! : serum antiody titers
existing prior to and :ollowlng booster immunization are being compare¢. Sta-
tistical evaluations are not completed, since data ar: stil being -oller’ ed.
However, a trend is developing which seems to indicate only . slight de _ine in
titer by one year. As anticipated, a modest acr~ase in titer fol! d booster
immunization. Another group of individuals who had received exteasive inmunization
in earlier yvears and subsequently were not immunized for periods of 5-10 vears,
vere screencd for existing anthrax titers. Essentially al! of these i{ndividuals
vare seronegative, indicating a need for booster immunizati.ons.

In addition, a new phase of researcn which for :es oun the role of macrophages
in the host's ability to process anthrax spores was nitiated very recvently. This

work is in its earliest stages, and ne data are as yet available.
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BODY OF REPORT

Project No. 3M162770A871; Military Disease, Injury and Health Hazards (U)

Work Unit No. 871 BB 149: Prevention of Bacterial and Rickettsial
Diseases of Potential BW Importance

Background:

This annual report is the summary of 5 individual research unit by 4 principal
investigators. Since they are not really bound too tightly by a common thread,
the work must be specified for each investigator.

Dr. Johnson determined cownditions for maximum reliability of the febrile
reactions of guinea pigs infected with Coxiella burnetii and used this information
to estimate a PD 0 for lot 5 of the NDBR-105 phase I Q fever vaccine. He iunitiated
biocheaical studies to confirm or replace the febrile reactions in guinea pigs as
a measure of response to Q fever infection.

Dr. Jemski showed that Francisella tularensis LVS strain vaccination by small
particle aerosol inhalation, intranasal instillation, or by IP, SC or IM injection
provided practically total and equal protection against respiratory tularemia.

He found that passively administered F. tularensis whole antiserum or the total
immunoglobulin fraction protected F-344 rats against lethal tularemia and finally
that F-344 rats vaccinated with LVS aerosols or by IM injection with LVS were fully
protected against aerosol challenge for at least 2 years.

Dr. Ezzell successfully isolated and purified cell wall material from Sterne
strain of Bacillius anthracis primarilv composed of pepuidoglycan (PG) as determined
through chemical analysis. He demonstrated the partial efficacy of PG enriched cell
wall fragments as a vaccine in protecting guinea pigs against lethal challenge with
spores. He isolated and purified capsule material, poly-D-glutamyl peptide from
Vollum 1B strain of B. anthracis. He determined that capsular material in solution
does not inhibit FMN chemiluminescence (CL) during phagocytosis of opsonized Sterne
cell wall fragments. He also demonstrated the expression of peptidoglycan cell wall
antigens on surigce of gamma~irradiated Sterme strain cells using fluorescant
antibody (¥A) techniques.

COL Rozmiarek has as part of his efforts to identify hazards and variables
associated with research animals diagnosed and treated pasteurellosis in rabbits,
encephalitozoonosis in guinee pigs and rabbits, hexamitiosis (spironucleosis) and
infant diarrhea in mice, murine respiratory niycoplasmosis (MRM) and  nworms in
rats, malaria (Plasmodium inui) in cynomolgus monkeys, and shigeilosis and
salmonellosis in newly arrived African green monkeys.

Breeding colenies of Calomys callosus and Sigmodon hispidus were maintained in
a stable configuration. Several Clethrionomys papperi were obtained irom a trappar

in northern Canada; breeding efforts to date have resulted in over 50 births. The
strain 13 guinea pig oreeding colony has stabilized at approximately 700 breeding
females. An outbreak of bordatellosis was effectively halted with use of an
autogenous bacterin. Production has stabilized at 250-300 of fspring per month for
issue. The rhesus breeding colony recorded 6 live births and 6 successfully weaned
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infants during the last 12 months. The number of actively breeding rhesus monkeys
in the colony was reduced to 2 males and 10 females and the collection of normal
growth parameters on developing infants and adolescents continued.

Progress:

Regarding Dr. Johnson'c research on rickettsial disease, initial experiments
comparing the protective properties of the DP-7 and NDBR-105 Q fever vaccines in
guinea pigs indicated that a number of problems needed solving before adequate
precision in the comparisons could be made, One problem was the occurrence of
brief sporadic increases in the body temperature of guinea pigs before vaccination
or challenge. Since temperature after challenge was the criterion used for
determining infection, these changes increased errors. It was found that an
acclimatization period of at least 2 weeks was needed, during which time the
animals were kept in individual cages, handled frequently, and allowed to become
adjusted to new surroundings. Optimal temperature of the holding rooms was dster-
mined to be 70 F (21 C) because higher temperatures caused occasional temperature
spikes and lower temperatures tended to increase the incidence of respiratory
infections with associated febrile responses. The source of guinea pigs was
important. In this study, 3 sources were tested, West Jersey Biological Co.,
Buckburg, Inc., and Charles River, Inc. The West Jersey animals were in poor
condition on arrival; most had or soon developed, respiratory infections and
several died. Buckburg guinea pigs arrived in good condition and remained so
throughout the holding period, except for an occasional temper:ture spike. These
animals were used to assay lot 5 of the NDBR-105 vaccine. Charles River guinea
pigs were in excellent health on arrival and remained so throughout the holding
period. They were used to assay the chnllenge inoculum.

As indicated, lot 5 of the NDBR-105 Q fever vaccine was assayed for its
protective and serologic properties in Buckburg guinea pigs. Four groups of 10
animals were each inoculated SC with various concentrations of vaccine using
serial 10-fold dilutions from 20 to 0.02 ug per animal. Four weeks later, they
were challenged with 1 x 10° ID_, of the Henzerling strain of C. burnetii. Tempera-
tures of each vaccinated, challénged animal alsng with 9 infected, unvaccinated
controls and 7 unchallenged controls were recorded daily for 10 consecutive days.
Data comparing the number of fever days (> 40.0 C) in each vaccinated group with the
number of fever days in the infected control group were analyzed statistically using
probit analysis; PD., wa. calculated to be 0.012 pyg. Each guinea pig in the
infected control group evidenced infection, while none in the uninfected control
group developed el-ovated temperatures. The PD.. in this study was smaller than that
obtainad in a similar exprriment several years ago by Dr. Ormsbee at the Rocky
Mouatain Laboratory, USPHS. He used the same lot of vaccine, but a different time
schedule and another source of guinea pigs, to obtain a PDS of 0.32 uyg. The
two values are different statistically; however, they are c?ose enough, counsidering
variation in the procedures, to suggest that estimates of the protective doses of
the vaccine lots cau be obtained.

Recause febrile reactions in guinea pigs are extremely sensitive to environ-
mental and other uncontrollable influences, biochemical parameters were investigated
as suoplements or alternatives to this indicator of infection. Heggers et al. (1)
reported the effect of Q fever infection in the guines pigs on a number of serum
components. Among these, glucose, glutamic-oxalacetic transminase (GOT) and
creatinine phosphokinase (CPK) appeared to be most affected by-the infection and
were chosen for further study. In an initial experiment, serum from 10 normal
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guinea plgs were analyzed for the 3 components in collaboration with the Clinical
Laboratory. Results indicated that serum glucose levels were within normal limits
for guinea pigs and showed a variation of about 10% about the mean. The GOT
levels were less consistent with about a 22% variation, and the CPK were least
consistent, with a vardiation of about 36%.

Dr. Jemski reported previously (2) that in 3 experiments, 98-100% of F-344
rats passively vaccinated with F. tularensis immune serum from donor F-344 rats
immunized with the live vaccine strain (LVS) of F. tularensis survived an aerosol
or IP challenge with virulent F. tularensis, SCHU-S4. Only 107 of control that
received normal rat serum survived the challenge. In contrast, published reports
by others (3, 4) attributed no protective capacity to passively transferred anti-
serum. Experiments were conducted, therefore, to define the critical factors
responsible for the protection afforded to the recipient F-344 rats in our experi-
ments.

Serum preparations consisted of immune whole serum (Code I), and immune whole
serum dialyzed against a 25,000-dalton membrane (Code II) to remove possible
soluble T-cell receptors or other soluble lymphokinee with a MW of 25,000 or less.
The immune serum fraction preparations tested counsisted of a recomstituted (NH,) SOA
precipitate containing the total immunoglobulin components (Code III); a purifieg
and resolubilized IgG fraction (Code IV), and a purified resolubilized IgM fraction
(Code V). In addition, whecle LVS immune serum was treated with 2-mercaptoethanol
(2-ME) to eliminate IgM but retain potential soluble protective factors or IgG if
present (Code VI). For control purposes, whole normal rat serum (Code VII) and a
reconstituted preparation of a nonspecific precipitate (Code VIII) were included.

Rats were passively immunized by IP injection with 0.7 ml of the various serum
preparations, then challenged IP 16-~18 hr later with 1 x 108 cells of virulent
F. tularensis, SCHU-84. Just before challenge, blood was obtained via orbital sinus
bleeding from 2 rats of each group; blood was assayed for the presence of LVS serum
agglutinins. All animals were observed twice daily throughout a 20-day holding
period. The response data obtained from these rats are shown in Table I.

All control rats given normal rat serum (Code VII) died within 9 days after
challenge. All rcts passively immunized with the nondialyzed whole immune serum
(Code 1) or with the dialyzed immune serum (Code II) survived challenge. The total
protection afforded with the dialyzed immune serum indicated that a soluble lympho-
kine, such as a propossed T-cell receptor with a MW of 25,000 or less was not
involved in conferring passive protection. Of significance was the 90% survival
rate (9/10) obtained with the reconstituted precipitate fraction containing all
immunoglobulins (Code III). The protection achieved for the rats receiving oanly the
IgG fraction (Code IV) or only the IgM fraction (Code V) was 60X and 55%,
respectively, which compared favorably to the 90% protection cbserved for the rats
which received the total immunoglobulin-containing fraction (Code ITI). These
results suggest that in the rat, at least, the total immunoglobulin portion of
tularemia antiserum may play a role in acquired resistance to lethal tularemia,
particularly in the absence of any induced cell-mediated immunity. These findings
also are compatible with the premise that IgG is subsequently induced by the 3x
vaccination regimen over a 4-week period. The IgG acting in combination with the
earlier produced IgM (still detectable at low titer at 28 days after vaccination)
results in a cumlative protection above that conferved by either IgG or IgM alone.
The results obtained with the immune serum treated with 2-ME {Code VI) also seem to
be additional evidence for the protective effect of IgM, if one accepts that IgM
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TABLE I. FEFFECT OF PASSIVELY TRANSFERRED WHOLE TULARENSIS IMMUNE SERUM AND
ANTISERUM FRACTIONS ON SURVIVAL OF TULARENSIS CHALLENGED RATS

TRANSFER SERUM RAT RESPONSE
Agge. Surv./ Prechall, MTD
Code Fraction titer chall. agg. titer % Surv, (days)b
I Whole immune serum 1020 6/6 20 100 -
1I Whole immune serum 200 15/15 20 100 -
(dialyzed)
III  Total Ig 400 9/10 40 90 6.0

[(WH,), 50, ppt]

IV IgG (Fract. 0.01M) 30 6/10 0 60 4.9
\' IgM (Fract. 0.16M) 60 6/11 0 55 6.3
VI Immune serum + 2-ME 80 5/6 20 83 6.0
V1I Normal rat serum 0 0/11 0 0 6.4
VIII Nonspecific ppt. 20 4/12 0 33 5.3

(Fraction 0.1 M)

aReciprocal geometric mean titer.

bMeau time to death.

indeed was neutralized by the 2-ME treatment. The agglutinin titer obtained for the
2-ME fraction, therefore, would be accounted for by the presence of IgG. The role
of IgG, however, may be important in the very early stages of a challenge infection.
Proctor et al. (6) have shown that peripheral neutrophils, which are rapidly
mobilized in the first 18 hr of tularemia infection, can limit or prevent the early
dissemination of F. tularensis organisms by phagocytosis but only in the presence

of immune serum. It may well be that it is IgM that acts as the specific opsonin

to prevent hematogenous dissemination in the challenged animals. Bacteremia is
present in nonvaccinated control rats.

Vaccination with small particle aerosols of F. tularemsis, LVS, cr by 1P, IM,
or SC injection effectively protects experimental animals against disease and death
when challenged by aerosols or IP inoculation with virulent F. tularensis.

A selected number of rats from the 2 vaccinated and sham-vaccinated control
groups were challenged with aerosols of virulent F. tularensis, SCHU-S4, at various
time intervals over a 2-year period. The first challenge was 3.5 months after




vaccination and the last, at 26 months. Two days prior to each challenge time the
animals were bled from the orbital sinus and the serum assayed for agglutinins. :
Humoral agglutinin titers and the survival response for the 3 groups of rats during -
the 26-~month study period are shown in Table II, ! X

TABLE II. LONG~TERM IMMUNE RESPONSE OF LVS VACCINATED RATS TO CHALLENGE WITYH
AEROSOLS OF VIRULENT F. TULARENSIS

e .
(AT REE

Tar ™

POSTVACCINATION VACCINATION INHALED CHALLENGE PRECHALLENGE NO. DEAD/

AT ] A

CHALLENGE TIME METHOD DOSE (LOGlO) AGGLUTININ CHALLENGED -

{MONTHS ) TITER® "

3.5 MCPH - 0 3/5 ':,]

Aero.-LVS 6.1 129 0/10 =

IM-LVS 6.1 85 0/10 i

8 MCPH - 0 4/5 5

Aero.-LVS 5.9 32 0/10 he

IM~LVS 5.9 28 0/10 o

12 MCPH - 0 5/5 -

Aaro,-LVS 5.6 46 0/10 -

IM-LVS 5.6 26 0/10 5

18 MCPH - 0 3/5 v

Aero.-LVS 3.7 12 0/8 A

IM-LVS 3.7 18 0/5 -~

26 MCPH - no data 3/3 ;:

Aero.-LVS 5.2 no data 0/4 N

IM-LVS 5.2 no data 0/3 o

N

®Reciprocal geometric mean serum titers. hS

~

Cver the 5 challenge periods, over 22% (5/23) of the sham-vaccinated control -

rats survived in contraszt to the 100%Z survival of the aerosol and IM vaccinated ;a

rvats. The 2 groups of vaccinated rats were as fully protected against challesnge ?ﬁ

with virulent F. tularensis at 16 moatbs after vaccination as at only 3.3 months. kR

None of the vaccinated rats showed cvart signs of illness even though 2-4 log 0 of

F. tularensis organisms were racovered from the lungs at 14 days. As we previously

reported, active immunizacion of ¥~344 vrats with LVS did not prevent colonizaticn of S

the lungs following serosol challenge, but illness in these animals was not apparent ff*

and oaly wminimal pulmonary histopatholngy was observed. %é

A diminution of serum agglutinin titers occurved over the 26-month observation W
period for both groups of vaccinated rats. A mean titer of 1:15 for these groups S
was measured at 18 months. The overall data suggested a lack of correlation between -
titer levels and protection, It is of interest to note, however, that a single LVS
vaccination by either the aercsol or IM route provided significant protection to -
F~344 rats throughout the 29-month span of the experiment.
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Dr, Ezzell reported that significant insight has been obtained into the immuno-
genicity of Baclllus anthracis cell wall antigens. Primarily studied to date has
been a cell wall fraction of the Sterne strain of B, anthracis which was purified
with sodium dodecyl sulfate (SDS) extractions and trypsin treatment, This
peptidoglycan-enriched cell wall fraction was composed of glutamic acid, alanine
and diaminopemilic acid in a ratio of 1;1:;5:1, respectively, which is in agreement
with previous findings (5). In addition N-acetylglucosamine (NAG) and N-acetyl-
muramic acid (NAM) were detected (Table III), Excluding the percent total nitrogen,
the total weight percentage of the cell wall accounted for equals approximately 75%.
Studies are presently underway using the high pressure liquid chromatograph of Dr.
Bob Seid at WRAIR to determine the presence of another anthrax polysaccharide
composed of equimoles of N-acetylglucosamine and galactose which may account for the
remaining 25%. The cell wall fragments were essentially protein free as determined
by Lowry and Bio Rad assays, spectrophotometry, and the presence of only trace
amounts of amino acids other than those listed in Table III. No nucleic acid was
detected through spectrophotometric determinations and the diphenylamine and orcinol
tests for DNA and RNA, respectively. The low amount of phosphate indicates the
absence of teichoic acid.

TABLE III. PERCENT COMPOSITION OF STERNE STRAIN CELL WALL

% WEIGHT NMOL /MG
COMPONENT COMPOSITION CELL WALL

Glutamlc Acid® 4,38 300
Alanine 3.92 448
Diaminopemilic acid 5.76 303
NAM and NAG 60. 64 ND”
Organic phosphate 0.76 ND
Total nitrogenc 5.02 ND

%petermined by R. Dinterman, Physical Science Division, USAMRIID.

bHD, not determined.

®Determined by Karen Bostian, Physical Science Division, USAMRIID.

The material was used to vaccinate female, Hartley guinea pigs through a series
of weekly ID foot-pad injections over a l-month period and then challenged with
viable Vollum 1B spores. The results of these trials are shown in Table IV,
Challenges in trials A, B, and C (3 vaccinations/week) were performed by Dr. Jemski,
Aevobiclogy Division, whereas trials D and E (1 vaccination/week) were challenged
by Dr. Ezzell in Suite B-3, Bacteriology Division. Since the LDs5g for Hartley
guinea pigs is 500 Vollum spores, the challenge dose was dropped to 1500 spores in
trials D end E in order to prevent "overriding" the vaccine with too large a
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TABLE 1V, RESPONSE OF GUINEA PIGS VACCINATED WITE VARIOUS ANTHRAX ANTIGENS TO
CHALLENGE WITH VIRULENT B. ANTHRACIS

TRIAL NO. VACCINE CHALLENGE NO. DEAD/ MTD

NUMBER GUINEA PIGS TREATMENT DOSE CHALLENGED (days)a
A 5 Sterne PG® 3,020 5/5 3.18 1
‘ 5 Saline 3,020 5/5 2,00 '
B 6 Sterne PG 6,025 6/6 4,12
5 Saline 6,025 5/5 2.55
C 5 Sterne CW° 3,160 5/5 2.17 ?
5 Saline 3,160 5/5 2.00
D 5 Sterne PG 1,500 2/5 4,75
5 Sterne PG & 1,500 1/5 6.00 .
Vollum capsule ;
5 Vollum capsule 1,500 4/5 2.25 {
5 Saline 1,500 5/5 2.50
E 5 Sterne cellsd 1,500 5/5 3.70 ;
5 Sterne cells & 1,500 4/5 2.75 :
Sterne spores ;
5 Sterne cells & 1,500 4/5 3.00

T

Sterne spores &

Vollum capsule
Sterne spores 1,500 3/5 4,50
5 Saline 1,500 5/5 3.20

w

aMTD, mean time to death; surviving guinea pigs excluded from value determination,
bPG, peptidoglycan-enriched Sterne cell wall.

ccw, cell wall material (peptidoglycan and associated proteins, lipid, etc.),
gamma~irradiated. :

dGamma-irradiated Sterue vegetative cells,

®Gamma-irradiated Sterne spores.

challenge. It is interesting that with larger challenges as in trials A and B some -
of the animals survived up to 3 days beyond the controls. In trial D, with the
exception of 1 guinea pig (1l:4 titer), no animals showed a titer against protective
antigen prior to challenge and only 2/8 had one after surviving challenge (1:8 and
1:128) as measured by Dr. Anna Johnsen-Winegar, Pathology Division, using hemaggluti-
nation. The positive control was 1:4096. Therefore, the partial protection afforded
by the cell wall vaccine could not be attributed to protective antigen antibodies.

As can be seen in Table IV, vaccination with whole vegetative Sterne cells and/or
spores gamma-irradiated by CPT Urbanski, Virology Division, were not as effective as
the Sterne cell wall fragments. Interestingly, Sterne cell wall fragments from
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which proteins and other components had not been extracted (Trial C) did not
significantly delay death as in Trials A and B. Therefore, the purified cell wall
fragmeiits preparations were more effective than were the less purified cell wall
fragments with other associated material or as part of whole cells.

Rabbit antibodies directed against the purified Sterne cell wall fragments
were fluorescein-conjugated by Pete Bagley, Virology Division. Using FA
techniques, the expression of these and other antigens on the cell surface of
virulent and avirulent anthrax strains is being studied. Expression of cell wall
antigens on intact Sterne and Vollum 1B vegetative cells has been demonstrated
using the above described FA conjugate.

Procedures for isolating purified capsular material, poly D-glutamyl peptide
from the Vollum 1B strain are now being performed on a routine basis using anion
exchange and gel filtration chrcmatography. The purity of this material has been
repeatedly verified using amino acid analysis and spectrophotometry. Once
purified, this material is used in vaccine trials, in macrophage activation
studies by LTC Friedlander, Bacteriology Division, and in PMN CL studies,
originally performed by CPT McCarthy, Physical Science Division, and now by Dr.
Ezzell.

Colonel Rozmiarek noied that the animal disease surveillance program
functioned at a normal level this past year, with the quality control monitoring
of 390 rats, mice, guinea pigs and hamsters. This total represents 20 strains and
stocks from 14 commercial sources. Animals were examined for gross and histologic
pathology, bacterial pathogens, parasites, and hematologic parameters. The
hematologic data are used to establish normal values for each strain/stock of
rodent used at USAMRIID and to determine abnormal values which may indicate latent
metabolic or infectious disease processes. Nonhuman primates, rabbits, and
pouliry were received from vendors during the year, and along with in-house
populations were screened for the presence of various disease conditions.

The following diagnostic specimens were examined during the past year from
incoming and in-house animals: <

Examination Number
Hematology 1,376
Parasitology 481
Bacteriology 440
Histopathology 390
Serology 135
Serum Biochemistry 41
Urinalysis 15

A summary of the histopathologic examinations of incoming rodents revealed a
relatively low incidence of latent changes (Table V).
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TABLE V., SUMMARY OF PATHOLOGIC CHANGES IN LABORATORY ANIMALS RECEIVED

NO. WITH PATHOLOGIC CHANGE

SPECIES EXAE?&ED Pulmonary GI GU Miscellaneous
Rats 149 38 2 2 1
Mice 71 0 6 0 2
Guinea pigs 35 4 4 0 0
Hamsters 15 1 0 0 0

Total 270 43 12 2 3

Part II of Colonel Rozmiarek's report deals with animal models and resources.
He reports the primary function of the S. hispidus and C. callosus colonies are to
meet the documented demands of the Institute for these commercially nonavailable
animals for investigative needs. We have achiewved this goal and are continuing to
provide vesper mice and cotton rats to using investigators. No major problems

associated with disease, husbandry, or reproduction were encountered during the
reporting period.

S. hispidus ~ approximately 25 breeding pairs were maintained. There were 85
bosn, 82 weaned, and 55 issued.

C. callosus -~ approximately 25 breeding pairs were maintained. There were 220
born, 212 weaned, and 18 issued.

The breeding colony of strain 13 guinea pigs (Cavia porcellus) has undergone
significant change during this year. The colony is stabilized at 35 breeding racks
or 175 harems of 4 females and 1 male per harem. The colony has movea from the
inadequate facility in Bldg 1412 to 7 rooms in Suite AR 3 in Bldg 1425. There were
3,770 offspring born in average litter sizes of 3.78. There were 2,023 weaned in
average litter sizes of 2.66. These figures compare favorably with figures available
from commercial production inbred guinea pig colonies. There were 1,788 animals
issued to investigators during the year. Production is cteadily increasing and
should continue to do so for the coming quarter. To maintain genetic uniformity,
replacement breeders for this colony will continue to come from first or second
generation stock from inbred colonies maintained by the Divisien of Research
Services, NIH. Animals issuad to investigators will usually be from the F3 and
occasionally from the F4 generation away from true inbreds. Investigatien has shown
this to be acceptable for use in the USAMRIID program. In October-December, 1980,
an epizootic of pneumonia swept through the colony resulting in sigificant morbidity
and some mortalitv. The causative agent, Bordatella bro.chiseptica, is highly
transmissible and very difficult to control with therdpeutic treatment. Working with
Dr. James Ganaway of the Veterinary Rescurces Branch, NIH, an aytogenous bacterin
was produced and all animals in the celeny, vaccinated. This gquickly brought the
outbreak under control and no new cases have been detected. A total of 39 adult
breeders died during this time. We are now vaccinating all potential breedng
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animals with the bacterin before they are introduced into the colony. Moving the
coleny from one large room to 7 smaller rooms greatly reduces the risk of severe
logses by disease outbreak, Cesarean derivation of all animals to be newly
introduced into the colony has been considered as an additional disease prevemntive
measure, Because genetirally monitored breeding stock are extremely difficult to
obtain, it has not been adopted, but will remain under consid-ration.

The need arose during the period for a regular supply of gappers red backed
voles (Clethrionomys gapperi) to support virology studies. Several efforts to breed
these animals in captivity at other locations have been unsuccessful and there is
no available commercial source. Six pairs have been obtained from a trapper in
Canada and efforts have begun to create an environment in vhich they will reproduce
here. The outcome is uncertain as very little is known about the husbandry or
diseases of this animal and will be learned with time. Breeding to date appears to
be going well, with 80 births and 66 animals weaned thus far. There are now second
generation progeny in the colorny, and 20 breeding pairs have been established. No
animals have been issued from the colony, but preliminarv investigations will begin
soon to clarify the role of this animal species ia the USAMRIID research program.

Primates. The rhesus breeding colony has continued to produce healthy
of fspring, provide valuable experience in the management and maintenance of a non-
human primate breeding colony and allowed for the collection of growth, maturation
and hematologic data on colony-born and --reared rhesus monkeys. The colony now has
a growing number of sexually mature female offspring and a group of male offspring
which are nearing sexual maturity. These offspring will be used at a later date to
evaluate the potential of a second generatior breeding colony. At present, the
colony consists of 10 breeding adult females, 2 breeding adult males, 3 nursing
infants, 31 weanlings, 7 fcmale juveniles, 7 adolescent females (menustrating), and
9 male juveniles. During the past 12 months there were 6 live births and 6
successful weanings. One surviving neonate was delivered via cesarean section
followed by the unfortunate demise of the mother 2 davs after surgery. The
cesarean section was indicated by acute profuse vaginal hemorrhkage within days of
the estimated date of delivery caused by a condition of placenta praevia. A case
of psychogenic polydipsia was diagnosed in an infant monkey. Urinalysis and
elecirolyte disturbances were the basis for the diagnosis which was probably due to
an incompatible pairing of weanlings. The monkey recovered following supportive
care. The colony-reared females which have begun to cycle are within normal limits
on the basis of physiolegical paramsters. To date, we have uot observed the
abnormal behavior patterns, e.g., spinning, etc., that have consistently bheen
reported in nonhuman primates individually housed at an early age. This may be
attributable to our limited gang housing system for newly weaned monkeys which allows
for additional socialization after separation from the mother. Observations on
thes .. animals will continue as they appreach sexuval maturity.

Publications:

1. Ezzell, J. W., W. J. Dobrogosz, W. E. Kleos, and C. R. Manclark. 1981,
Phase-shift markers in Bordetella: alteratioms in envelape proteins. J. Infect.
Dis. 143:562.-569.

2. Jemsthi, J. ¥. 1981, Respiratory tularemfa: comparison of selected -outes
of vaccination inm Fischer 244 rats. Infect. Immua. 35, In press.
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BODY OF REPORT

Project No. 3M162770A871: Risk Assessment of Military Disease Hazards (U)

Work Unit No. 871 BC 148: Prevention of Viral Diseases of Potential BW Importance

Background:

Many of the viruses undcr study in this work unit share the combinations of aeroscl
infectivity and the ability to induce severe human disease. This, of course, enhances their BW
potential, but simultaneously makes their study dependent on tedious work under rigid
microbiological econtainment. Moreover, relatively little is known about most of these
dangerous agents, necessitating careful model building and pathogenetic studies to plan
strategies for prevention or treatment of their diseases. Other viruses under consideration are
iess virulent for humans and perhaps better understood. This is reflected in the increased
weight given to the area of vaccine development with the less virulent viruses. This work unit
will be discussed in categories by taxonomiz status of the virus under study, since the emphasis
and approach is quite variable among the groups.

Progress:

The major thrust has been in the Arenaviridae family. These viruses cause severe and
even fatal disease, often associated with the hemorrhagic fever (HF) syndrome. Lassa fever,
the most geographically widespread member of the group, has been shown to comprise &
heterogeneous group of virus strains with varying antigenic properties and pathogenicity for
laboratory animals. Indeed, if some strains of lymphoeytic choriomeningitis (LCM) virus were
isolated in Africa, they might well be classified as Lassa fever (LAS) virus by present criteria.
The understanding of antigenic and virulence relationships will shape future concepts of the
nature and control of LAS. Meanwhile, major progress has been made in understanding of
passive serum therapy of LAS. An in vitro neutralizetion (N) test has been ¢ veloped which can
pradict success in treatment or prophylaxis of experimental LAS. This test has several unusual
properties compared to other common viral N tests: (a) stringent complement requirement, (b)
activity lost rapidiy with serum dilution, and (c} first appearance of positivity weeks after
clinical disease. These findings combined with the very low N titers found in humans (compared
to monkeys or guinaa pigs) explain why serotherapy for LAS has not beex particularly
successful. The existence of a validated N test would allow the development and monitoring of
a killed vaccine by conventional means; but, to date insctivated LAS virus preparations have
failed to elicit either N antibody or protection.

The role of cellular factors in resistance to arenavirus disease has been attacked more
directlv in giinea pigs infected with Junin (JUN), (causative agent of Argentine HF, APF). A
cellular cytotoxicity assay has been developed for both JUN and LCM and shows s; ecific
eytotoxicity of spl:ea cells feom virus-infected animals. This is the first antivirel cytotoxic
system £ad one of the few of any tvpe reported for the guinea pig. Killing is largely cdue to
antirodv-dependent cellular cytotoxicity for the following reasons: (a) it is not abrogated by a
monoclonal anti-T cell antiserum, (b) aggregated human gamma globulin blocks, and (e) kinetics
of activity resemble several other ADCC viral systems. Thus the guinea pig stands in marked
contrast to the rat and mouse infected with LCM, but resembles hamster (LCM, vaccinia) and
human (vaccinia, measles) systems. This assay should allow us to prove the role of cellular
factors in pathogenesis in more detail.
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Vaceine development efforts for AHF continue tc be promising. The previously
reported "XJ-44" mouse-passaged vaccine eandidate had been shown to be free of
adventitious agents and as attenuated as an experimental mouse brain vaccine (Clone 3)
formerly used in humans in Argentina. Further attempts to clone the virus yielded
strains (candidate 1) which are even more attenuated when inoculated intraeranically (IC)
in baby strain 13 guinea pigs and 9- to 14-day-old mice. This highly attenuated virus is,
however, immunogenic for guinea pigs. Moresver, candidate 1 continues to be avirulent
after in vitro passages. This virus will be used to prepare an experimental vaceine for
nonhuman primate studies and eventually for immunization of humans.

Comparison of conventional histopathology of both human and animel arenavirus
models reveals 3 common themes: (a) the IC inoculated rodent (e.g., LCM in the mouse)
has abundant cellular infiltrates which probably are essential to trigger disease. This
model may have little or no relevance to HF research; (b) in human or realistic animal
models of HF there are relatively minor cellular infiitrates (suggesting that the role of
cellular immunopathology may be less), and, most importantly, (¢) there are no lesions
which explain the demise of the host. Therefore, we have undertaken a physiological
study of a model of this HF type, the Pichinde (PIC)~infected guinea pig. Results to date
have indicated important cardiovascular perturbations as early as day 7-10. These
results may lead us to understand the early lesion in arenavirus HF and suggest useful
therapeutic alternatives.

Considerable interest in the Phlebovirus genus of the Bunyaviridae fami'; has been
stimulated by the disecovery that Rift Valley fever virus (RVF) is & member of the genus
and by the extensive RVF epidemic in Egypt between 1977-79. Ongoing studies have
shown that in & rat model a single dominant gene determines resistance to fulminant
RVF. This gene has now been shown tc be strongly expressed in vitro in isolated
peritoneal macrophages. Leading candidates for mechanisms {defective-interfering
particles and interferon) are under study. A surprising feature of the rat model was its
specificity for Egyptian RVF isolates. Viruses from different regions, although fully
virulent in other respects, were not lethal for rat strains, which were exquisitely
sensitive to Egyptian isolates. Quantitative studies of the ontogeny of resistence and
virological observations on moribund animals, however, indicate that the gene controlling
Egyptian virus replication is also operative to some extent on non-Egvptian viruses.
Presumably there is another host-virus genetic interaction which limits the lethality of
non-Egyptian viruses.

Similar prineiples to those elucidated in detail for RVF also apply to other
Phlebovirus rodent systems: (a) different geographic isolates of what is apparently a
single virus have a different spectrum of pathogenicity for a single defined host (Punta
Toro, (PT), strains in hamsters); {b) early host-virus interactions determine the outcome
of infection before classical immune mechanisms are operative (PT in hamsters); (¢)
immune mechanisms may be important in eventual recovery or in protection, but have
surprisingly little to do with natural resistance (cyclophosphamide treated or nude
athymic mice infeeted with severe Phleboviruses); (d) interferon inducers such as Poly IC
are very effective prcphylactically (PT-infected hamster).

An antigen-specific ELISA has been developed for RVF. It holds promise for rapid
diagnosis, vaceine standardization, and studies of antigen metabolism in infected
animals.

The newest putative member of the Bunyaviridae family, Korean hamorrhagic
fever (5 HF) virus has been the subject of intense interest. Major efforts have been
devoted to obtaining and characterizing reagents free of adventitious agents. This has
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allowed us to begin virus strain characterization. Methods for preparation of virus pools and
antisers, radioimmunoassay, plaque assay, and plague reductior: N (PRN) test are being refined.

A Swedish guest investigator in our laboratory has confiried that KHF-infected celi
cultures can be used to detect antit.odies to the related nephropathia epidemica (NE) agent and
has begun a country-wide sero-survey of Sweden for infection. He has alsv identified the NE
agent in the lungs of wild-caught voles in endemic areas of Sweden.

The Ebola~-Marburg group of viruses continues to present a vexing problem. Effective
treatment for these lethsal agents has been as elusive as the natural reservoir. Ribevirin has
now been thoroughly tested in the guinea pig model and is of no value. In vitro studies with
interferon have not been hopeful, but the prophylactic value of this substance has been
disassociated from its in vitro antiviral effects in other infections. Furthermore, there are
monkey therapy studies in the literature which suggest some helpful effects of interferon.
Serum interferon assays in lethally infected monkeys are negative until the late stages,
suggesting that early passive interferon treatment could have some effect.

Passive antibody treatment (with human plasma) has not been effective in monkeys or
guinea pigs in past experiments, However, hyperimmune guinea pig serum pool has been
prepared and used to successfully protect lethally infected guinea pigs. Administration of
approximately 6 ml/kg on days 0, 2, 4, 6, and 8, were necessary. The PRN titer of the serum
was 1:320. Further work on the quantitative relations between antibody titer and serum volume
may shed light on why these attempts succeeded and past efforts failed.

Further work characterizing the basic biology of Sudan and Zaire isolates and their
relationships continue, as do attempts to standardize the N test and improve virus assays.

Two vaceines for Togaviridae are in late stages in development. An experimental lot of
live attenuated dengue-1 vaceine has been prepared and partially tested. Pending final testing
and subhuman primate data, this vacecine is ready for volunteer studies.

A live-attenuated Chikungunya vaceine under development has been shown to possess
desirable experimental cheracteristies: small plaque size, temperature sensitivity, low viremia
in nonhuman primates and avirulence for suckling mice. After additional cloning, it should be
possible te prepare seeds and a prototype vaccine lot.

Presentations:

1. Peters, C. J. Rift Valley Fever: lessons from the last 5 years. Presented, Symposiuvm
on Arboviruses of Veterinary Importance, 29th Annu. Mtg., Am. Soc. Trop. Med. Hyg., Atlanta,
GA, Nov. 1980.

2. Creven, R. B,, 0. J., Wood, and C. J. Peters. The potential for spread of Rift Valley
fever in the Middle East. Presented, 29th Annu. Mtg., Am. Soc. Trop. Med. Hyg., Atlanta, GA,
Nov. 1980,

3. Johnson, E. D., C. J. Peters, and G. A. Cole. Genetic influences on the suseeptibility
of mice to Sindbis virus. Presented, 29th Annu. Mtg. Am. Soc. Trop. Med. Hyy., Atlanta, GA,
Nov. 1980.

4. Peters, C. J., and H. W, Lupton. Studies on Rift Valley fever vaccination. Presented,
61st Conference of Research Workers in Animal Diseases, Chicago, IL, Nov. 1980.
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5. Anderson, G. W., and C. J. Peters. Effect of immunosuppression on genetically
resistant Lewis/Mai rats to Rift Valley fever virus. Presented, Maryland-DC Branch
Mtg, ASM, Fort Detrick, Frederick, MD, Jan. 1981.

6. Eddy, G. A. Adaptation of existing yellow fever vaccine to cell culture
substrate. Presented WHO Meeting on Modernization of Yellow Fever Vaccine,
Washington, DC 14-15 Jan. 1981.

7. Eddy, G. A. Overview of Rift Valley fever epizooties prior to 1977.
Presented, Ministry of Health Symposium cn RVF, Cairo, Egypt. 28 Feb. 19891,

8. Anderson, G. W., C. J. Peters, and T. W. Slone. Pathogenesis of Rift Valley
fever virus (RVFV) in inbred rats. Presented, 8ist Annu. Mtg., AMS, Dallas, TX, Mar.
1981 (Abstracts of the Meeting, T39, p. 244).

9. Lupton, H. W., R. D. Lambert, B, M. Beauchamp, and F. L. Hoffman.
Development of a plaque-reduction neutralization test for Ebola virus antibodies.
Presented, 81st Annu. Mtg. ASM, Dallss, TX, 1-6 Mar. 1981 (Abstracts, T81, p. 251).

10. Liy, C. T,, and M. J. Griffin. Development of techniques for studying
cardiovascular (CV) and hepatic functions in conscious, restrained guinea pigs (GP).
Presented, Annu. Mtg. FASEB, 12~17 Apr. 1981, Atlanta, GA. (Fed. Proc. 40:5%5, Mar.
1981).

11. Eddy, G. A, Eastern equine encephalitis epizootic and enzootie cycles.
Presented. College of Veterinary Medicine, National University, Dominican Republic, 27
Mar. 1981.

12. Peters, C. 4. Viral diseases cften presenting as hemorrhagic fever. Presented,
Conference on Medicine and Surgery on the Modern Battlefield, Garmisch, W. Germany,
19 May 1981. :

13. Eddy, G. A. Lecture on venezuelan encephalitis. Presented, US Dept.
Agriculture Course on Exotie Diseases, USDA, Hyattsville, MD, 6 May 1981.

14, Peters, C. J. Rift Valley fever: global spread or global control? Presented,
118th Annu. Mtg. Am. Vet. Med. Assoc., St. Louis, MO, Jul 1981.

15. Eddy, G. A. Rift Valley fever vacecine and prepared report on
reccmmendations for disease control. Presented, WHO Meeting on Rift Valley Fever
Centroi. Geneva, Switzerland, 28 Jun-4 Jul 1981.

16. Eddy, G. A. Lecture on South American hemorrhagic {evers, Tropical
Medicine Course, WRAIR, 29 Jul 1981,

17. Peters, C. J. and G. W, Anderson. Pathogenesis of Rift Valley fever and other
Phlebovirus infections. Presented, Sth international Congress of Virology, Strasbourg,
France, Aug. 1981,

18, Jehrling, P. B. Efficacy of immune plasma for treatment of Lassa virus
infeetions in Primates. Presented, 5th International Congress of Virology, Strasbourg,
France, Aug. 1981.
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19, Eddy, G. A. Status of Argentine hemorrhagic fever vaccine project. Presented,
Pan-American Health Organization Meeting on Argentine Hemorrhagic Fever, Washington, DC,
14 Sep. 1981.

Publications:

1. Harrington, D. G., H. W. Lupton, C. L. Crabbs, C. J, Peters, J. A. Reynolds, and T. W.
Slone. 1980. Evaluation of a formalin-inactivated Rift Valley fever vacecine in sheep. Am. J.
Vet. Res. 41:1559-1564.

2. Reynolds, J. A., M, D. Kastello, D. G. Harrington, C. L. Crabbs, C, J. Peters, J. V.
Jemski, G. H. Seott, and N. R. Di Luzio. 1980. Glucan-induced enhancement of host resistance
to selected infectious diseases. Infect. Immun. 30:51~57.

3. Vezza, A. C., P. Cash, P. Jahrling, G. Eddy, and D. H. L. Bishop, 1980. Arenavirus
recombination: the formation of recombinants between prototype Pichinde and Pichinde
Munchique viruses and evidence that arenavirus S RNA codes for N polypeptide. Virology
106:250-260.

4. Luptcn, H. W,, R. D. Lambert, D, L, Bumgardner, J. B. Moe, and G. A. Eddy. 1980.
Inactivated vaccine for Ebola virus efficacious in guinea pig model. Lancet 2:1204-1295,

5. Walder, R., P. B, Jahrling, and G. A. Eddy. 1980. Differentiation markers of eastern
equine encephalitis (EEE) viruses and virulence. Zentral bl Bakteriol, Suppl. 91:237-250,

6. Lupton, H. W. 1981. Inactivation of Ebola virus with 80Co irradiation. J. Infect. Dis.
143:291.

7. Galloway, E. J., and C. T, Liu. 1981. Use of activated charcoal for hemoperfusicn in
Dutch rabbits. Am. J. Vet. Res. 42:541-543.

8. Moe, J. B,, R. D. Lambert, and H. W. Lupton. 1981. Plaque assay for Ebola virus. J.
Clin. Microbiol. 13:791-793.

9. Jahrling, P. B., R. B. Rhoderick, M. A. Elwell, and J. B. Moe. 1981. Pathogenesis ol a
Pichinde virus strain adapted to produce lethsl infections in guines pigs. Infect. Immun.
32:872-880.

10. Liy, C. T,, R, P. Sanders, and V. W, Robbins. 1981. Diurnal changes in rectal and
body surfnce temperatures of conscious, chair-restrained rhesus macaques. Am. J. Vet. Res.
42:1018-1624.

11. Nichols, E. L., G. L. Bilbrey, C. F. Hazlewood, 8. L. Kimzey, C. T. Liu and W. R.
Beisel. 1981. Electrolyte metabolism in rhesus monkeys with experimental salmonella sepsis.
Am. J. Clin. Nutr. 34:1362-1371.

12. Little, J. 8., W. L. Rill, H. P. Hawley, and C. T. Liu. 1981. Effect of Streptococecus
pneumonia infection in rats on hepatic water content, electrolyte concentration, and chemical
composition. Am. J. Vel. Res. 42:1328-1331.

13. Liu, C. T,, and E. J. Galloway. 1981. Changes in tissue cvclic AMP concentrations
following an intravenous lethal dose of chiolera enterotoxin in rabbits. Toxicon 19:701-704.
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14, Dalrymple, J. M., C. J. Peters, J. F, Smith and M, K. Gentry. 1981. Antigenic
components of Punta Toro virus, pp. 167-172. In The Replication of Negative Strand
Viruses (D. H. L. Bishop and R. W. Compans, efs). Elsevier North Holland, New York.

15. Eddy, G. A., and C. J. Peters. 1981. The extended horizons of Rift Valley
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Human and Veterinary Vaccines (A, Mizraki, J. Hertman, M. A. Klingberg, and A. Kohn,
eds). Alan R. Liss, New York.

16. Eddy, G. A., C. J. Peters, G. Meadors, and F. E, Cole, Jr. 1981. Rift Valley
fever vaceine for humans, pp. 124-141. In Contributions to Epidemiology and Statistics,
vol. 3, (T. A. Swartz, M. A. Kongberg, and N. Goldblum eds). S. Karger, BaseL
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Press, Boca Raton, FL.
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P~4 isolation capabilities. They were used after a possible accidental exposure to
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BODY OF REPORT

Project No. 3M162770A871: Prevention of Military Disease Hazards (U)

Work Unit No. 871 BD 143: Evaluation of Experimental Vaccines -in Man
for BW Defense

Background:

This work unit is a comprehensive research effort incorporating all areas of
human voluanteer testing and evaluation, as well as utilization of experimental
vac:ines, antimicrobial drugs, hyperimmune plasma, and special medical isolation
procedures in man. This work unit incorporates studies of prophylaxis and therapy
agains: both potential biological warfare threats, as well as infectious diseases
of special military importance. The Medical Research Volunteer Subjects (MRVS)
program has enabled USAMRIID to actively conduct clinical studies involving human
volunteers,

Progress:

Vaccines

Rift Valley Fever Vaccine (RVF). A protocol, (82-1) Addendum 79-5 to determine
the reactogenicity and antigenicity of RVF vaccine (TSI-GSD-200), lots 9-20 in
healthy military volunteers and to determine a dose-response curve of several of
these lots and previously tested lots is being prepared and will be presented to the
Professional Staff and Human Use Committees for review.

Botulinum Toxoids. Another important area with which USAMRIID has been con-
cerned has been the production of Botulinum Immune Plasma, Human Origin. One
problem has been relatively low concentration of antitoxin generated in human plasma
relative to the equine product. This is particularly true in respect te the type B
antitoxin response in humans.

It has been suggested in animal studies that the use of a monovalent toxoid
would elicit a higher response than the same amount of antigen contained in a multi-
vi.lent preparation. A modification of this hypothesis was e.smined in the USAMRIID
plasmapheresis program for the collection of botulinum immune plisma of human origin.
Under contract to the US Army Research and Developaent Command, the Michigan Depart-
ment of Public Health, (MDPH) bottled one lot of the monovalont B toxoid preduced
at the same time as the B toxold that was used in the pentaval:nt MDPH toxoids. A
research protocol with tully informed consent was then conductod with volunteers in
the USAMRIID botulisn immune plaswma program. These volunteers, who had been
immunized and teceived 8-1. annial boosters of pentavalent botulinum toxeid prier
to 197C, were given a booster immunization with the Parke-Davis pentavalent toxoid
in 1979. Twelve months later (198Q), these same individuals received gnother booster
of the Parke-Duvis pentavalent toxoid and, in the opposite arm, a 0.5 ml dose of
the MOPH monovalent B toxoid. Th: volunteers uniformly reported such less imwediate
pain with MDPH scnovalent B toxofd. local reactions in the voluateers were no :
greater in freguency than in the gentavalent series. It is interesting to nrote that
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the 3 individuals who did have moderate reactions had received the monovalent B
toxoids. The 1980 B titer response, at 4 weeks following immunization was measured
by the standard mouse neutralization test. The increase in B titer compared to that
elicited from pentavalent toxoid alone (1979), was not statistically significant.
Additional studies must be done in terms of numbers and timing of immunizations.

USAMRIID also obtained a MDPH type E monovalent toxoid produced at the same
time as the MDPH monovalent B toxoid. Subsequent to approval for the appropriate
protocols, 22 USAMRIID volunteers were immunized with the type E monovalent toxoid
under protocol FY 81-2. No significant adverse reactions occurred. Determination
of the immunogenicity of this toxoid has begun.

The USAMRIID Program for the collection of Botulism Immune Single Donor Plasma
(Human) IND-1332 was completed during December of this year.

Chemotherapeutics

Malaria. Results of Phase II trials (Protocol FY 80-7) of the candidate anti-
malarial halofantrine, (WR 171,669) conducteld to date are summarized in Table 1.
Recrudescence of malaria occurred at singie doses of 1000 and 1500 mg initially fol-
lowed 6 hr later by 500 mg. Only 2 volunteers experienced side effects of drug
administration consisting of mild nausea and diarrhea.

Department of Epidemiology

A Department o: Epidemiology was created within the Division of Medicine during
the last quarter of FY 8l. Functions of this department may be grouped under three
sections: research serology, test and evaluation of rapid diagnostic techniques, and
epidemiology of selected infectious diseases. The research serology section is pri-
marily a service facility which provides serological suppert for the USAMRIID immu-
nization program. This function was formerly provided within the Bacterioloegy
Division and has been laterally transferred to Medical Division. The section conducts
titrations on sera from vaccine recipients using the hemagglutination-inhibition (HI),
complement fixation (CF) and plaque-reduction nevicali.ation (PRN) tests. A radio-
immunoassay (RIA) is also beilng developed.

Antigens routinely tested include EFE, WEE, VEEZ and RVF viruses and tularemia.
Many other antigens are tested on an as-needad hasis. Twe populations are serviced
by this section, the in-house recipients of USAMRIID vaccines and extramural recip-
ients of selected vaccines. Roesults provided by the research and serology section
deterrlne the efficacy of the USAMRIID fmmunizatior program and provide the serolop-
ical basis for determinaiion of immune status for personnel entering "hot suite" work
areas.

Aside from the purely service-oriented tasks of providing immune status reports
for vaccine recipients, the research serclogy section also condusts a number of
research protocols direcred at determining optimum immunizatiion schedules, eluci-
dating interactions between various antigens used to immunize USAMRIID personnel and
other f{unvestigations which utilize serological techniques.
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The test and evaluation of rapid dilagnostic techniques is a newly created
section. This section was specifically created in response to the need for rapia
diagnosis of infectious diseases and biological warfare agents, especially in sup-
port of the Rapid Deployment Forces geographically directed to Southwest Asia.
Preliminary work is in progress to determine the utility of the FIAXR fluorescence

solid-phase immunoassay system. Agents to be considered first will be those endemic
in Southwest Asia.

The Department of Epidemiology is newly created. The objective is to investi-
gate the occurrence and distribution of selected infectious diseases of military
importance on a global scale. At present, 2 projects receive the majority of
efforts. The first 1s Korean hemorrhagic fever (KHF). Studies are currently in
progress to elucidate the dissemination of KHF among personnel of major medical
centers whe “ave been exposed to infected laboratory animal colonies. A second
study is to determine if KHF has been introduced into the United States through
transport of infected wharf rats via international shipping. Both studies are in
their preliminary phases and results are too fragmentary to present.

The second topic of investigation by the epidemiology section is the serologic
testing of specimens obtained from US military personnel deployed on exercises over-
seas. This project is beine conducted in collaboration with the Department of
Epidemivlogy, Preventive Medicine Division, WRAIR. Here both pre- and post-
d2ployment sera are drawn from individuais who participate in military exercises
overseas. In add’tion, health survey questionaires are administered to each indi-
vidual and an attempt is made to correlate clinical illness with serslogic evidence
of infectien acquired while deployed. Specimens assaynd to date have been from
individuals deployed to Southwest Asia, northern and tropical Africa.

Isolation Unit Clinical Laboratory

The ‘solation Unit Clinical Laborator:- was utilized whea Dr. Eugere Johnson
was isol.ted in the Ward 200 Isolation Suite for observation after a posisible acci-
dental oxposure to Ebola virus in Zaire. The Isolation Ualt Clinical Luboratory
perfo..sed numerous laboratory procedures in support ~f the isolation/observation of
Br. Johnson from the time of his adwission, 24 Apr 1981, unti. his dischirge. This
exercise 1llustratad numerous problems with the P-4 operat.onal readiness of the
Isolation Unit Clinical Laboratory. Under the respensibility of Captain Lveriy,
these problems are currently being addressed and appropriate me. sures, such as
training, revision of Standard Operating Procedures, procurement of equipment, and
persoanel sctions are being taken.

The role of the lIsolation Unit Clinical Laboratory is currvently being expanded
to include not only responsibilities for P-4 level laboratory support for patients
in the Isolation Suite, but alsc for support of animal research protocels through-
out the Institute. Two pretocols are curvently bheing supported at the P-3 lavel
urilizing vete: inary specimens. The agents involved are hepatitis A and gamma-
~adiation-inactivated Lassa Viruz. Ceordination is currently ongoing te initiate
more collaborative projects with appropriate investigators througheut the Institute.

Prelioinary developrmental work hag alse been initiated {or the deplovment of a
zobile, high-containzment clinical laboratory for fielw use in support of the Vickers
Isclator Team.
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Hospitalized Exposures

Erola Virus. Dr. Eugene Johnson was placed in reverse isolatioa in the Medical
Officer of the Day suite on Ward 200, USAMRIID, for protective observation after a
possiblie accidental exposure to Ebola virus while in Zaire. He remained totally
asymptomatic, and received no therapy. He tolerated his hospitalization well.

USAMRIID Medical Isolation Team

The USAMRIID Medical Isolation Team conducted 10 monthly in-house training exer-
clses utilizing Vickers portable and bed isolation units. In addition, 2 aeromedical
evacuation exercises were conducted, in conjuncticn with the Air Force, at Lages Air
Field in the Azores, 17-19 Apr 1981, and at McDill AF¥B, Florida, 20-21 Jun 1981.

These training missions utilized the Vickers portable isolation system with a pseudo-
patient on C-141 and C-130 aircraft, respectively. The following equipment/proce-
dures were evaluated: (a) loading and securing of isolators in the AMBUS and
aircrafc; (b) in-field decontamination procedures for isolators and personnel; (¢) Air
Force oxygen delivery and suction systems in conjunction with the aircraft transport
isolator; and (d) in-flight capabilities of the Life-Pak 5 cardiac monitor and battery
operated rectal probe thermometer.

The Ward 200 high containment isclation suite underwent remodeling. The follow-
ing additions/revisions were made to upgrade the suite to P-4 isolation capabilities:
(a) Chemturion ventilated isolation spacesuits; (b) a Lysol chemical decontamination
shower for use with the isolation spacesuits; {(c¢) 2 air-lock piggy-back steam auto-
claves; (d) windows and speaking diaphragms between each patient room and adjoining
rooms outside the isolation suite; and (c) pass—through Lysol "dunk-tanks" and UV
boxes in each patient rcom to allow passing items to, or from, patient rooms and
adjoining rooms outside the isolation suite.

Publications

None.

ps—
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BODY OF REPORT

Project No. 3M162770A871: Military Disease, Injury and Health Hazards (U)

Work Unit No. 871 BE 146: Exploratory Antiviral Drug Development

A. Background:

Viral infections are a significant military health problem in the United States and
throughout the world. To date, vaccination has provided the only approach for defense against
viral fllnesses. However, the prophylactic use of vaccines as the only source of defense present
sertious limitations. Vaccines are virus-specific and not available for protection against most
viral infections of militarv importance. They are ineffective if given after onset of infection
and can be easily circumvented through naturally occurring antigenic shifts or deliberately
through application of conte mporary genetic engineering technology. Chemotherapeutic agents,
on the other hand, circumvent many of these limitations; hence, they are critically needed for
the prevention and treatment of virus induced diseases (1,2,3).

Jse of antiviral drugs in m{litary personnel requires a comprehensive understanding of
their pharmacology to ensure selection of the correct drug which combines low toxicity and high
efficacy for treating specific viral infections. Civilian pharmaceutical companies, in general,
have been unwflling to invest in development of drugs which do not have a large market.
Antiviral compounds of military importance have a limited market, have not attracted the
interest of the pharmaceutical companies and, therefore, have been included in a group of drugs
referred to as "orphan drugs." The purpose of this Work Unit is to develop and evaluate new
antiviral drugs for prophylaxis and treat ment of viral infections caused by potential BW agents

or by strategically important viruses.

The broad spectrum antiviral drug ribavirin (Virazole, 1-8 -D-ribofuranosyl~-1,2,4-triazole~
3-carboxamide) has been shown to be effective against Lassa fever (LAS) and Rift Valley fever
(RVF) in laboratory animals. One objective of this research has been to determine the safety of
this drug for use in high hazard viral inf‘ections in man. .

Drug screens. Seventy-nine analogs of ribavirin and other antiviral drugs were screened
and evaluated in vitro against RVF, VEE, PIC, SFS and YF viruses (Table I). In vivo studies were
done in mice againat RVF and VYEI viuses with approximately one-haif of the ¢ dz*nﬂ"=
Twenty-four of the compounds were found to be inactive against the test viruses. Drug
BJ-84143 (RA~T1) and BJ-84125 (RV-13) were more effective in vitro than ribavirin.

Pyrazofurin was effective against all of the viruses at concentrations ranging from 2.5 to
25 pg/ml

Expanded in vivo tests (drug treat ment b.i.d., for 10 days) were performed with 4 analogs
of ribavirin; BJ=-4511 (R A-114), BJ-U5526 (R A-116), BJ-29893 (R A-98), and BJ-58826 (RV-33),
which in earlier screening tests, had been shown to have comparable antiviral activity to
ribavirin, Results indicated they were as effective as ribavirin at the 100 mg/kg dose level, but
less so at the 25 mg/kg dose level. Of the 4 compounds BJ-U5526 was nearest to ribavirin in
activity, against RVF virus, An additional study was performed with this drug and ribavirin to
compare anti~RVF virus aotivity with drug treat ment doses of 20, 40 and 80 mg/kg b.Ld. over a
10-day period. Both of the drugs extended the time to death at all 3 dose lavels, Ribavirin
appeared to be most effective at the U0 mg/kg level, whereas, BJ-U5826 was somewhat better
‘at the 80 mg/kg level. Hematoorit levels were higher with BJ-45526, than they were with

_ribavirin at the 80 mg/kg dose level.
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TABLE I. 1IN VITRO EVALUATION OF RIBAVIRIN ANALOGS AND OTHER
POTENTIAL ANTIVIRAL DRUGS AGAINST VARIOUS VIRUSES.
CONTRACT RESPONSE OF VIRUS?

COMPOUND NUMBER PIC RVF SFS YF VEE
BJ58518%# RA-136 - - - - -
BJ5852T##* RV-22 - - - +
BJ58536%#* RV-33 ++ + + -
BJ58554## RP-67(III) - - + - _b
RJSB5,5## RV-39 - - - - -
SV3g37##

CN-48,085-2, Lot P ++C ++C ++C +° ++&
SV-6736%#

CN-56,506, Lot P & Lot Q - - - - -
SV-8611%#

CN-65,624, Lot Q & Lot T - + - - -
SV-11,736

CN-72,917, Lot P +++C ++C ++ +++C +
Sodium petroselinate¥ ++C ++C - + -¢
BJ6385g%# RA-116 R ++ + -+ -+ -
BJH3868H# RA-148 - - + -
BJGuBT TR RA-150 - - - ++€ -
BJ63886## RA-T3 - - - ++C -
BJ63805%# RP-75 ¢ - - - -
BJ63902 RA-137 - - ++ +C -
BJ63911 RV-24 -y + . F -
BJ63920%# RV-57 +C ++0 +© et +
BJ-63939 RI-91 + + 4 +C -
BJ..63948## RI-36 + + - - -
BJ-63957## RI-33 - + - - -
BJ-64966%# RV-66 b +b _b ++b ++
BJ-36L4Q6%# MPL~XI-230 ++ ++ - -
BJ-ThHh212%# RT-.20 + - - - -
BJ-76267#% RP-T77 - + -
BJ-81553%# RP-G1 + ++ - - +
BJ-8 1544 ## RV-~115 + ++ e P +
BJ-36450%% DSC-II1-237 = - - - -
BJ-T6196%% RA-151 - =D +0 0 .b
BJ-T6203%# RA-152 SRR +© + -
BJ-81535%# RA-159 - + - - +
BJ-81517%# RA-13h - - - - -
BJ-2241% DSC-III-170  ++C ++C  44aC ++C ++C
BJ-L44532# MPL-~XI1-240 -¢ - -¢ - -
BJ-57995% (Dow) - - - - -

Niclosamide

BJ-76187# R/ -1lQ + + ++ ++4+C -
BJ-T76221% RI-23 . - . - .
BJ-76230% RI-61 +° -b .C e e
BJ-76249 RI-63 N - - - ]
BJ-76258 RI-h6 - - . - -
BJ-75276% RP-80 +C +4° -C ++C +©



CONTRACT RESFONSE OF VIRUS®

COMPOUND NUMBER PIC RVF SFS YF VEE
BJ-T76301% RP-86 ++ + - +
BJ-T6294# RP-83 + ++ + +C -
BJ-81526% RA-155 + + +++ ++ -
BJ-85060 EDC-1 - - - - -
Pyrazofurin (Lilly)d

"~ Lot H26-58G-AD-82 ++ +++ PPN ++ +++
Clofibrate (Averst)

NDC-046-02k3-81

Control No. INPR +P + - L,
Nafenopin (Ciba)

63-394 +40 +C ++C +4C ++
BJ-86326% RY-29 S+ + - - -
BJ-86334% RY-43 -+ - + - -
BJ-8628 1% RA-138 e + + + -
BJ-56290% RA-180 ++ - - + -
BJ-£6308% RA-181 - - +© -c -
BJ-86316% RY-6 - - - + -
BJ-82701% NCI/ING +¢ e £+ -°
BJ-84205% RA-36 - - - - -
BJ-84198% RA-33 + + +C + -
BJ-841345# RA-66 ++ ++ + - -
BJ-84143% RA-T1 4+ +++ +++%  ees
BJ-84150% RA-T72 - - - - -
BJ-8lt161# RA-174 +0 +C _e +b _b
BJ-84170% RA-1T5 - - - N -
BJ-84189% RA-176 - - - s -
BJ-8U4116# RV-126 - + - + -
BJ-84125# RV-133 ++ +o+C +¥C 4 C ++©
BJ-84090%* RY-2 - - - - -
BJ-84107* RY-22 +© _c _c +C +4C
Lycroysone#

(Glycyrrhetio acid)

Lot 22925 +4C ++C ++C ++ +C
BJ-91139# RY-5¢ - - - A -
BJ-01102% RV-176 - -~ - - -
BJ~Q11114% RV-177 - - - - -
BJ-91120% RV-178 - + - + -
BJ=-91040# RA-187 - + + - -
BJ=91059# RA-189 -C ++C -C ++C -
BJ~G1068% RA-190 - - - - -
BJ-91095% RV-171 + - * - -
BJ-91077#% RA-191 - - - - -
BJ-91086 RA-1Q2 - - - - -
RKR ~ - - - b -
BJ-92449 RA~194 - - - + -
BJ-92458 RA-196 - ~ - - -
BJ-92467 RA-197 - - - - -
BJ=-92476 RA-198 - - - + -

BJ-92485 RA-199 - - -
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CONTRACT RESPONSE OF VIRUS®
COMPOUND NUMBER PIC RVF SFS YF VEE
BJ-92494 RA-200 - - - - -
BJ-92501 RA-201 - - - - -
BJ-92510 RA-202 - + - - -
BJ-92529 RY-84 - - - - -
BJ-92538 RY-92B - - N - -
BJ-92547 RV-189 - - - - -
BJ-92556 RV-190 - - - - -
Ribavipink# +++ ++ +++ +++ +

* Tndicates compounds also tested in vivo (RVFV).
#*  TIndicates compounds also tested in vivo (RVFV and VEE).
Graded as follows:
Questionable act ' vity;
10-30% plaque reduction, high drug concentrations (250-500 pg/ml);
++ 31-60% plaque reduction, middle drug concentrations (100-250 ug/ml);
+++ 61-90% plaque reduction, middle drug concentrations (256-100 yg/ml);
++++ 90% plaque reduction, low drug concentrations (10-25 yg/ml)
Drug toxic at 500 .g/ml
Drug toxic at 250 ug/ml
Graded as follows:
10-37% plaque reduction (25 ,g/ml)
++ 31-60% plaque reduction (10 ug/ml)
+++ 61-80% plaque reduction ( 5 ,g/ml)
++++ B81.99% plaque reduction (2.5 ug/ml)

+ |+ @

+ a0 o

The in vitro results of combinations of amantadine and rimantadine with ribavirin
show an vnhanced effect agalnst RVF, VEE and SFS viruses, above that of ribavirin
against RVF and VEE viruses. Drug concentrations of 25, 50, 100 and 200 mg/kg did not
enhance the effect of ribavirin, Rimantadine and amantadine as single drugs or in
combination with ribavirin were toxic at the 200 mg/kg level.

Punto Toro virus, a bunyavirus related to RVF virus, was tested in hamsters to
determine the antiviral activity of ribavirin, BJ-29893 and BJ-45520 against this virus.
The results of this study showed that 90% of the hamsters survived when treated with
ribavirin 25 and 100 mg/kg (-1 through +3) and 50 ¢ of the animals treated with 12.5
mg/keg of ribavirin survived. Those animals which did die in all drug-treated groups had
an extended time to death of several days over those in the virus control groups. Similar
results were obtained wtih animals treated with BJ-U5520. BJ-29893 treated hamsters
showed 30% survival at 25 mg/kg and 90 % survival at 100 mg/kg.

Pre-clinical toxicology. Previous studies have shown that rhesus monkeys and man
develop anemia and thrombocytosis during multiple, high-dose treatments with
ribavirin. The mechanism by which the anemia occurs is unknown and may involve
dastruciion of peripheral RBC, suppression of hematopolesis or both. During this period
we studied the effect of rbavirin on hematopolesis, This study was conducted in
compliance with The Good Laboratory Practices (Regulation GLP).
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Two groups of rhesus monkeys were injected IM with ribavirin for 10 days at a dose of 30
or 100 mg/Kg; monkeys served as their own controls and treatment began on day 0. Analysis of
hematologic data showed that both groups developed a normochromie, normocytic anemia that
was mild in the low-dose group and severe in the high-dose group. RBC count, hematocerit, and
he moglobin decreased gignificantly (P< 6.001) by day 15 and then returned to control levels by
day 42 (Table II).

Examination of bone marrow aspirates revealed significant changes in both groups.
Monkeys treated with 100 mg/kg shows significant ( P <0.05) hyperplagia on day 22. Monkeys
treated with 30 mg/kg did not show erythroid hypoplasia but exhibited significant (P 0.05)
hyperplasia on day 22. Table II lists percent erythroid precursors. Myeloid precursors were
affected by ribavirin treat ment. Myeloid ervthroid ratios (Table IIT) increased significantly
(P < 0.05) on day 10, reflecting the erythroid hypoplasia and returned to control levels by day
22. Differential counts of erythroid precursors revealed the erythroid hypoplasia was due to a
significant (P 0.05) decrease in late erythroid foras in particular the polychromatophilic
normoblast; early erthroid forms were unchanged or incr~eased. Table III lists the ratio of late
to early erythroid precursors. Megakaryocytes were significantly (P < 0.05) increased in both
groups on day 10.

Tn addition to quantitative changes, bone marrow examination revealed qualitative
changes in both the low- and high-dose groups of animals. There was vacuolization of early red
cell precursors, including pronormoblasts and basophilic normoblasts and occasional cells had a
megaloblastoid appearance. Other qualitative observations seen on day 10 included an apparent
increase in the number of bone marrow histiocytes and phagocytosis of red cells and red cell
pracursors, Apart from an occasional vacuolated white cell precursor, there were no
noteworthy changes in these cells, Occasional megakaryocytes also contained vacuocles.

To help define the mechanism by which ribavirin induces anemia, RBC su v.,al was
studied in groups of treated rhesus monkeys. Blood was taken from ¢ach of 9 monkeys and RBC
labeled in vitro by incubation with 500 uCi of 3y diisopropylfluorophosate (DFP), After
waghing, the cells were reinjected IV into approoriate donor monkeys. Monkeys were divided
into 3 groups and injected IM with either 15 or 60 mg/kg ribavirin or saline for 10 days.
Treatment began on day 0.

A dose-related anemia developed by the end of the treatment period. Hematocrit, RBC
count and hemoglobin decreased 12-26 % in the low dose group and 53-60 % in the high dose
group. ALl values returned to control levels by day 42, A dose-related decrease in RBC survival
was observed from day 0 to 28; thereafter, RBC survival was comparable to control values. At
60 mg/kg, ribavirin also inhibited »elease of RBC from the bone marrow. In sum mary, ribavirin
apparently induces anemia by decreasing RBC survival and by inhibiting release of REC from
the bone marrow. These effects are Aoge-dependent and are fully reversible when treatment is
withdrawn.

Studies were conducted unde~ contract with Hazleton Laboratories, Vianna, VA, to asseas
acute toxteity of ribavirin in mice, rats and guinea pigs and subacute toxicity in rats and dogs.
In the acute toxicity studles, animals were treated with a single dose of ribavirin ad ministered
orally or IP and observed for pharmaocotoxic signs and death., L 050 was calculated and results
are shown in Table IV. These studies were conducted in compliance with GLP and the results
are comparable to previous work which was almilarly monitored.
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TABLE II. MEAN HEMATOLMGY VALUES (1 SD AND SE) OF MONKEYS GIVEN RIBAVIRIN
(N=4 EXCEPT DAYS U2 AND 65, N=3).

GROUP AND BASELINE DAY

DOSE AND LEVEL DAY -7,0 10 15 22 42 05

RBC X 1070

Group I Mean 5.35 0.62%% 1.96%%% 2 oo% )} 76 5.22

100 mg/kg/day Sh 0.093 0.405 0.509 1.346 0.320 0.092
SE 0.047 0.302 0.255 0.673 0,185 0.053

30 mg/kg/day Mean 6.01 L, hew 3.96%% 4. 80%% 5,80 5.83
Sh 0.506 0.759 0.710 0.482 0.303 0.357
SE 0.253 0.379 0.355 0.241 0.151 0.179

HCT (%)

Group I Mesan U1.5 21.5%4% 15 GREE D1 Ba#R L1 0 41,7

100 mg/kg/day  SD 1.00 3.42 443 12,20 3.00  1.53
SE 50 1.71 2.22 £.10 1.73 0.88

Group II Mean 45.0 34,.8%%% 33 3%%R 39 3F 46.3 45,5

30 mg/kg/day SD 2.00 442 5.32 4.65 2.22  3.70
SE 1.00 2.21 2.66 2.32 1.1 1.85

HGB (gg/dl)

Group I Mean 13.50 6.78%%% 5 oouEE  { oowEx 10 L0 12.97

100 mg/kg/day SD 0.383 1.091 1.283 3.733 0.794 0.635
SE 0.191 0.545 0.642 1.867 G.458 0.367

Group II Mean 14.80 10.838#8 g So##s 15 o0#8 14 .20 14.00

30 mg/kg/day SD 1.169 1.723 1.526 i.236 0.622 1.046
SE 0.585 0.862 0.763 0.618 0.311 0.523

RETICULOCYTES/1000 RBC

Group I Mean 5.00 0.75 30.25 68.00%#% 8 67 4.67

100 mg/kg/day SD 1.15 0.96 34.51 16.87 6.51 2.52
SE 0.53 0.u8 17.25 8.44 3.76 1.45

Group II Mean 8.75 7.00 34.25%  38,50% 10.00 5.75
SD 2.75 §.97 18.87 15.52 3.16 1.50
SE 1.38 2.48 9.44 7.76 1.58 0.78

PLATELETS x 1073

Group I Mean 204,7 479.8 663.6%% 727 T#% 2143 265.3
SD 62.7 154.3 102.9 404 .5 41.9 51.6
SE 31.3 77.1 51.5 202.2 24,2 29.9

Group II Mean 280.0 341.3 519.7%  332.4 261.3 256.9

30 mg/kg/day SD 54,6 131.5 260.5 53.4 22.1 93.6
SE 27.3 65.7 130.3 26.7 11.0 46.8

:p < 0.05

&
‘.'P < 0.01%

P < 0.001




\
I
7“'
o
R’

1
{
5, N

H

2T "j !
P

TABLE III. BONE MARROW MEAN VALUES OF MONKEYS GIVEN RIBAVIRIN (N = 4),

GROUP AND BASELING DAY

DOSE LEVEL piY -7,0 10 22 42 65

% RBC PRECURSORS

Group I Mean 33.08 13.83% 52.83% 49,50 30.53
sSh 4,935 8.243 18.304 13.284 6.948
SE 2.468 4,121 9.152 6.642 3.474

Greup Il Mean 43,50 34,20 61.65% 39.08 40.50

30 mg/kg/day 3D 6.894 4.802 7.910 9.590 13.532
SE 3.447 2.401 3.955 4,795 6.766

MYELOID/ERYTHROID RATIO

Group I Mean 1.52 T.43% 0.75 0.92 1.74

100 mg/kg/day St 0.31 7.09 0.49 0.58 0.32
SE 0.16 3.55 0.24 0.29 0.16

Group II Mean 0.88 1.32 0.48 1.1 1.20

30 mg/kg/dav SD 0.20 0,16 0.19 0.61 0.58
SE 0.10 0.08 0.09 0.30 0.29

RATIO OF LATE/EARLY ERYTHROID PRECURSORS

Group I Mean 6.025 2.775 4.425 10.450% 8.650

100 mg/kg/day SD 2.141 1.391 2.559 4,106 1.401
SE 1,070 0.696 1.280 2.053 0.701

Groupll Mean 9.650 3.757T#% 11,175 8.300 8.875

30 mg/kg/day SD 3.387 1.599 3.580 0.416 1.886
SE 1.693 0.799 1.740 0.208 0.942

*

P < 0.05

**p < 0.01

TABLE IV, ACUTE L050 OF RIBAVIRIN IN RATS, MICE AND GUINEA PIGS.

B MEAN + RIBAVIRIN LDgy (mg/kg)

ANIMAL SEX Oral 1P

Rat Male 4116 + Tu9 1758 + 99

Female 5827 + 39N 1554 + 99
Combined 5006 + 463 1655 + 72
Mouse Mals 10,000 1268 + 120
Guinea Pig Male 2313 + 278 823 + 60
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flibavirin was evaluated for subacute toxiclty when administered orally for 28 days
at levels of 30,60 and 120 mg/kg to rats (10/sex/group). An additlonal group served as
controls and received only the vehicle in sterile water for injection. No rats became
clnically {1t or died as a result of ribavirin treatment. In the low dose group, findings
were Umited to indications of a decrease in the circulating RBC mass. At the mid-and
high-dose levels, suppressive effects on body weight and/or food consum ption occurred
along with d2creases in the circulating RBC mass. Tt should be noted that although the
decrease in circulating RBC mass was statistically different from controls, the values
remained within normatl limits. In addition at the high-dose level, lymphoid depletion was
seen in the thymus.

Ribavirin was evaluated for subacute toxicity when adminstered orally for 28 days
at levels of 15, 39 and 60 mg/kg to dogs (3/sex/group). An additional group served as
controls and received only the vehicle in sterfle water for injection. All trzated groups
exhibited clinical signs of toxicity increasing in severity with dose. Mid- and high-dose
groups showed snorexia, emesis, dlarrhea and weight loss. The low dose group exhibited
only diarrhea, In addition, tha high-dose group had dehydration and 5 of 6 dogs died by
the end of the treat ment period. Circulating RBC cell mass decreased to the low-normal
range in the mid-dose group. No alterations were observed in clinical chemistry values.
Compound-related histopathological changes were observed at all dose levels, increasing
in severity with dose. The most com mon finding was enteritis in all treated dogs.
Lymphoid depletion occurred in the thymus of mid- and high-dose groups, as did
hypoplasia of bone marrow. The dog appears to be the species most susceptible to the
toxic effects of ribavirin, Ribavirin was also tested in the Salmonella
typhimurium/mam madan microsorne mutagenicity test (Ames Test) and found to be
nonmutagenic.

Pharmacology. Ribavirin has been shown to concentrate in RBC (Table V). The
uptake of the drug varies quantitatively between species, monkey RBC being more
effective at concentrating ~ibavirin than human or rat cells. The sequestration of
ribavirin is apparently due to phosphorylation of the drug as it enters the cells. The slow
rate of release of mhavirin from within RBC may be due to the absence of phosphatases
required to dephosphorvlate the metabolic Intermedtates.

To infect 3 cell, a virus must transfer {ts genome from the extracellular space to
the cytosol. This process requires tvansport through one or more membrane barriers (i),
Mechanism for entrv of virus into a cell, termed receptor-mediated endocvtosts, tnvolves
the binding to specific »eceptors on the cell surface followed Ly internalization of the
virus-raceptor complex via coated pits 15), Investigation of the bhasic megulatory
mechainsms of virus-specific receptors and coated vesicle functions may reveal a
primary site susceptible to modification or therapv. Accordingly, studies on the
mechanism of binding of VEE (TC-83) to its cell surface receptor and its subsequent
internalization, as a first steo in understanding the mechanism of entry into a cell were
initiated. The firgat ohjective was vo establish the presence of 1 receptor and to
characterize it bloche mically,

........
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A specific receptor for VEE was identified on BW-JM cells, a macrophage-like continuous
cell ine. The receptor has pH optimum of 7.4-7.8; binding 13 complete within 1 hrat 0 C,
approaches saturation, and the binding of radio-labeled virus can be competed for on a
one-to-one basis by unlabeled virus. The equilibrium binding constant is 2.0 + 0.7 x 10" (M'1)
and the number of receptor binding sites if found to be 4.0 + 0.8 x 10° gites per cell.
Non-specific binding is estimated at 22 + 11% using the program LIGAND, a computerized
approach for characterization of Ligand-Binding Systems., The data was best fit to a single
class of receptors.

TABLE V. THE INTERNAL CONENTRATION OF RIBAVIRIN AFTER 150 MIN INCUBATION AT
37C AND THE PERCENT CHANGE IN THE INTERNAL CONCENTRATION OF DRUG
AFTER WASHING.

EXTRACELLULAR CONCENTRATION

0,04 mM
Uptake (uM) Post Wash (yM)¢ % Change
Rat 44,95 12,40 72.4
Human 79.32 55.73 29.7
Monkey 141.76 124,45 12.2
0.“ mM
Rat §16.75 82,520 80.2
Human 502.14 225,44 55.1
Monkey 939.46 722.14 23
2.0 oM
Rat 1654 .91 417,840 74.8
4.0 M
Human 38v1.38 766.95 79.7
Monkay 47r17.66 1966.35 58.3

T post Wash values are mean values caloulatad from the internal concentrations
gf‘ ribavirin observed .uring the raleasa pariod.

Since the internal concentration of ribavirln deareasad throughout the release period, the last
value observed was used,

Studies to determine the bloche mioal nature of the cell receptor show binding can be
eliminatad by gentla proteoiyals resulting in loss of only a iaited nuwber of surface proteins
and wil! regenerate in 12-18 hva, Protreatment of B W-J-M cells with some lectins but not
othars will blook binding. Binding is reduced in & dose-dependent manner by pretreating cells
with g0y bean ~gglutinin or wheat germ agglutinin to less than 10% of the criginal value.

Studies of virus binding to cells whose virus receptors have been enzymatically digested
ravezled that virus fatled to associate with the cell surface in the absance of the putative virus
raceptor, Another study revealed that virus dizappears from the cell surface in the absence of
tize putative virus receptor. Another study revealed that virus disappears from the cell surface
and is presumably intemalized within 30 minutes, Further studies are necessary to trace the
pathway of the virus within the cell.
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Another aspect of this work unit concerns the basic mechanismas that regulate the
coataed vesicle pathweays within cells, Calmodulin, a ublquitous intracellular calcium
regulatory protein, has been implicated in the function of coated vesicles, Calmodulin
has been isolated from cow brain and purified to homogeneity. A bloassay for the
calmodulin regulated Ca**~Mg*™* A TPase of erythrocytes, was established and used to
assess the biological activity of the purified calmodulin., Once it was established that the
calmodulin was pure and hiologically active, the protein was iodinated for use in studies
of the lateractions of calmodulin with purified coated vesicles. Further studies have
been directed towards defining which of the constituent proteins of coated vesicles is the
dite of this interaction. The coated vesicle proteins can be fractionated into two
populations by column chromatography in the presence of 2M urea. One population
contains the principle coated vesicle protein, clathrin (m. wt. 180 K daltons) and two
proteins with m. wts. of 30-35 K daltons. The second population contains variable
amounts of proteins in the molecular weight ranges of 50 and 100 K daltons. It is thought
that these proteing participate in the interaction of the coat structure with intracellular
membranes which i3 necessary to form coated pits and coated vesicles. It was found that
radiolabeled czlmodulin will interact with coated vesicles that have been diarupted using
urea. Fractionation of the disrupted coated vesicle-calm odulin mixture on Sepharose
CL4B revealed that calmodulin preferentially interacts with the population of coated
vesicle proteins that includes the 50 and 100 X dalton peptides. This obsevation is truly
gignificant in that it suggests that calmodulin and caleium regulate the formation of the
coated pits which become the vehicles for intracellular transport of various
nacrcnolecules and viruses. Further identification of the calmodulin binding site of
coated vegicles s being attempted using a derivative of calmodulin which can bs
photoactivated to form a covalent bond to its binding protein. [his "photoaffinity"
derivative i3 being prepared currently and should yield an una mbiguous identification of
the gite of calmodulin interaction with coated vesicles.

The research described here should enable us to better understand (a) the
mechanisms by which vimuses infect cells and (b) the mechanisms by which coated pits
and coated vesicles transport viruses, growth factors and certain toxic macromolecules.

Pregsentation:

Kastello, M. D., G. ... Wannarka, and P, G, Canonico. Distribution and excretion
of 3# ribavirin in rhesus monkeys. Presented, Annu. Mtg., FASEB, 12-17 Apr 1981 (Fed.
Proc. U0:€34, 1981).
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1. Ferraia, E. A, J. S. Oishi, R, W. Wannemscher, Jr,, and E. L. Staphen. 1981,
Plasma disappearance, urlne exoretion and tissue distribution of ribavirin in rat= and
rhesus monkeys. Antimicrob. Agents Chemother. 19:1042-1049,

2. Powanda, M. C., and P. G. Canonico (eds). 1981, Infection: The Physiologic
and Metabolic Yegponses of the Host. Elsevier North Holland Biomedical Pres=s,
A msterdam, 450 pp.

3. Little, J.S., and P, G. Canonico. 1981, Blochemical and cytological aspects of
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BODY OF REPORT

Project No. 3M161102B510: Military Diseass, Injury and Health Hazards (U)

Work Unit No. S10 AN 200: Characterization of Microbial Toxins of Potential
BW Importance

Background :

Toxins can play an important role in the pathogenesis of many bacterial
infections. Cholera, diphtheris »nd botulism are examples of bacterial diseases
in which the bacterial toxir is s. iy responsible for the clinical synptoms.
There are other examples such as Pseudomongs, Escherichia coll and Bacillus
anthracis where toxins are apparently i~volwed, but their degree of importance is
not firmly established. Clearly, successful treatment and/or prevention of the
disease must deal somehow with the toxins that have an important pathogenic role.

With certain bacterial toxins, there is also a concern with their use as BW
agents. Botulinum toxin, for example, is one of the most poisonous substances
known to man. Moreover, it is a relatively easy task to prepare large quantities
of the toxin making its potential use a real threat. Likewise, the staphylococcal
enterotoxins are considered as potential BW agents and could be obtained without too
much effort or technology.

The principal function of this work unit is to study and characterize bacterial
toxins with an ultimate aim of developing protective measures. To meet this goal
we are employing a two-pronged approach. First, we are studying several of those
toxins proven to be potential BW agents as regards structure, mechanisms of action,
etc. Secondly, based on a large amount of evidence that most bacterial toxins have
several common features to their mechanisms of action, we have employed a well
characterized wodel (diphtheria toxin) to study certain gquestions that could not
pregsently be addressed using the specific BW toxins.

gyogress:

Staphylococcal Enterctoxins. Three large reptides are produced by limited
proteclytic digestion of staphvloceccal enterotoxin ¢ (SEC) with tyypsin. They
have approximate meoiecular weights of 4,000, &,500, and 19,000. The complece
sequence of 4,000 was described in the previous report. Since then, the primary
structure of the 6,500 fragment has also been Jetermined. This wvas accomplished by
cleaving it with cyanogen bromide, isolsting the carboxy-terminal peptide, and
further cleaving that peptide w¢ith chymotrypsin. Purification and sequencinz of
these subfragments completed the structural analysis of this peptide.

Given the large size of the 19,000 fragment, further degradation was necessary
before extensive sequencing could preceed. To this ead, it was reacted with cyano-
gen bromide; the digest wss subsequently chromatographed on columns of Sephadex
G-50. Four peptides were isclated vhose homegeneily s assessed hy peptide mapping
on HPLC and amino acid analysis. Peptides of sufficieni ,uriry were placed {a the
sutomatic sequencer, and Lhe FTH derivatives from this insty -zent were identified
with BPLC and thin-laver chromatography.
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The first of the cyanogen bromide fragments to be sequenced was carboxy-
termingl in the 19,000 and is therefore carboxy-terminal in SEC. Two sequencer
runs yielded the following: Y.N.D.N.,K.T.V.D.S.K.S.V.K.I.E.V.H.L.T.T.K.N.G.

The second fragment was penultimate to the carboxy-terminal region. It con-
tzins 14 residues placed by means of automatic sequencing and compositional data.
The 15th residue shown below (methionine) was placed there by virtue of homology
with staphylococcal enterotoxin B (SEB), and the fact that free hemoserine was
obtained in the original isolation of these peptides. The sequence is: P.A,P.G.D.
K.P.D.Q.S.K.Y.L.M.M,

The amino terminal cyanogen bromide peptide from 19,000 contained 8 residues,
and included the second half-cystine of the single disulfide bond in SEC., The
sequency of this peptide is: V,.T.G.G.K.T.C.M.

The last cyancgen bromide fragment to be analrzed is »y far the largest one,
containing about 90 residues. The following partial structure was obtained:
Y.6.G.I.T.K.K.E.G.N,H.F.D.N.G.N.L.Q.N.V.L.I.R, V.Y ,E.N.K.R.N.5.1I,5.L.E.V.Q.T.N.K.K.S.
V.T-A.Q.

Amino acid analysis of this pepntide indicated that there were about 40 residues
remaining to be sequenced. 1In order to galn access zo this area, whole 3EC was
maleylated and digested with trypsin, This was done because inspection of the
¥nown sequence predicted that rvestrictilon of trypric cleavage to the 3 arginine
residues by maleylation would provide peptides coitaiving the unstructured areas in
readily purified forms., However, the digests were much more complex than expected,
indicatiag that in addition to the arginyl bonds, several other loci were also
affected, lounetheless, one peptide containing an unsequenced segment was purifiad,
spanning the arca between the second and third arginine residues: S.Y.T.A.Q.E.L.D.
I.K.A.R.

To reduce the number of peptides produced, the 19,000 fragment (instead of
whole SEC) was maleylated and treated with trypsin, followed by chromatography on
Sephadex G-50. This spproach produced a pevtide that began with the next residue
after the third arginine and ended at the carboxy-terminal residue of SEC. That is,
it coataised all of that part of SEC remaining to be sequenced, plus a previously
structured area. It was placed in the sutomatic sequencer, &nd the following re-
gults were obtained: N.L.L.I.N.K.K.N.L.Y.E.F.N.§5.85.P.Y.E.T.G.Y.I.K.F.I.E.N.

Production of usaful data from this peptide ceased quite abruptly with the last
asparagire (N) abeove, instead of gradually in the usual way. This suggpests that the
residue following the asparagine is unreactive toward the sequencer reagents, leaving
a gap of 7 or 8 residues to be determined in the structure of 19,000.

To investigate this further, the largest peptide from a cyanogen bromide digest
of the 19,000 wos clsaved with trypsin; a peptide beginuing witn the last phenylala-
aine (¥) above was purified from this bv chromatography con Sephadex G--50 and BloGel
P-2. When this was placed in the segquencer, the preduction of useful dsta once
again ceased at the same asparagine residue, i.e., at cycle number 4 in this case.

Eventually the problem yizlded te chemical clesvage of reduced, carboxamido-
methylated $EC with hydroxylamine. That is, the blockage was the result of an
eepavaginyl glycine llaksge that cyclized upon removal of the penultimate residue,
in this cove another asparagine. Chromatographic purification of the desivred peptide
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allowed the final sequence in this area to be determined, completing the sequence of
the 19,000 peptide: N.G.N.S.F.W.Y.D.M.M.P.A.P.G.....etC,

As previously described, limited proteolysis of SEC by trypsin produces the 3
major peptides listed. However, sequencer runs on unfractionated digests indicated
that 2 small peptides were overlooked by Spero and coworkers in the original isola-
tion procedure. These were purified chromatographically and sequenced.

The first is a dipeptide: L.K. Alignment of peptides in SEC with homologous
areas in SEB produces a gap of 2 residues between the 6,500 and 4,000 fragments of
SEC. The dipeptide fills this gap on the basis of homology with SEB, the enzymatic
specificity of trypsin, and che fact that in one case a small percentage of the
4,000 fragment was found to have this dipeptide still attached.

The second small peptide contains 5 residues: D.N.V.G.K. Alignment of homolo-
gous peptides in SEB and SEC leaves a gap of 8 residues between tne 4,000 and 19,000
~ segments of SEC. By elimination, tne pentapeptide should fit hare, but it is 3
residues shorter and shows 1ittle homology with thLe corresponding area of SEB. This
question must be answered more definiiively before the sequence of 5EC cam be con-
sidered complete,

Since this area 1c sparned by the single disulfide bridge of SEC, specific
excission could be azcomplisted by reaction of iptact toxin with reagents that
cleave to cysteine residues. One such reagent is cyanide. but its effectiveness is
unpredictsble. Another is 2-nitro-5-thiocyanatchenzoic acida, which we nave synthe-~
sized. Preliminary attempts ave uaderway co optimize the efficiencies of the
veacticns. To cleosz the gap, the products will be purified by gel chromatography
and further analyzedé by enzymatic digestion and peptide mapping.

Pseudomonas aeruginosa Exotoxin A. Pseudomonas exotaxyn A (PE) prepared at
USAMRTID continues t~ be a valuable rescurce ror Investigators studying this protein.
During FY 61 toxin and reiated reagents were supplied to 9 research groups outside
USAMRIYD, iaciuding several DOD laboratories (USUHS, NMRI, USAISR, WRAIR). Several
of these investigators have attempted to prepaxe PE in their own laboratories, but
none have successfully made toxin in the large amounts and at the purities achieved
here. ©Extansive advice has been provided to a small biological supply firum, List
Biological Laboratories, Campbell, CA, which is attempting to prepare toxin to offer
for sale, After some lnitial difficulries, List has succeeded in making small
amounts ef toxin,

One of the principal problems in the curren* PE preparation protocol was over-
come during FY 61. Chromatography on hydroxylapatite columns effectively removes
contarinanis iacluding lipupolysaccharides, but this chromatography support is
notorioua for poor flow rates. It has now been found that the small particles
present in commercilsl hydroxylapatite can be removed by repeated decantation after
pretreatment with alkali. The resulting material gives high and stable flow rates.

The toxoid developed several years ago continues to be studied in other labera-
tories as a possible vaccine. In a collaborative study performed at NMRI, the
glutaraldehyde toxoid was equally effective at inducing antitoxin entibodies in
mice, but was less effective than a formaldehyde toxeid in protecting burned mice
epainst {nfection., Unfortunately, different adjuvants and immunization protocols
were uged, go that a valid judgment on the relative efficacies of the 2 toxelds
could mot be made.
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A definitive test of the rcle of exotoxin inm virulence could be obtained in
passive immunizations with a monoclonal neutralizing ant:itoxin. All attempts to
access the role of an antigen through active immunization are subject to the possi-
bility that any positive protection could reflect immunity to trace contaminants in
the immunogen. This problem is significant in Pseudomonas infection trials since
lipopolysaccharide is highly immunogenic and the resulting ancibodies are protective.

An effort 1s currently underway to obtain hybridomas producing monoclonal anti-
bodies to PE. Initial efforts involved the immunization of Balb/c mice with the
glutaraldehyde toxoid (10 yg/mouse). The animais were hoostered 6 weeks later ard
the =pleens removed 3 days following the booster. Isolated spleen cells were fuseu
with either an IgG-secrating or a nonimmunoglobulin-secreting established pl. sma-
cytoma .ine using polyethylene glycol and viable hybrids selected using hypoxanthine-
aminopterin -chymidine (HAT) medium. Fusion frequency was approximately 30%, result-
ing in the growth of 98 hybrid colonies. An ELISA (enzyme-linked irmunosorbent
ngsay) was Adcveloped for rapid detection of PE-gpecific antibody in the hybridoma
culturs supernatants, based on the appearance of a yellow cclor following incubation
of subsurate with goat anti-mouse TgG linked to alkaline phosphatase. A number (37)
uf antibody-producing colonies were detected in this manner and were passaged and
grown for cloning.

Diphtheria Toxins. Structure-function studies of diphtheria toxin (DE) per-
formed in FY 81 centered on extending the analysis of the 10 nutationally altered
toxins originally selected by Lalrd and Groman. These serologically cross-reacting
materials (CRM) constitute a unique and valuable set of reagents for characterizing
DE action. The detailed analysis of the CRM proteins, designated tox 101-110, is
shown in Table I, Tox 102, 103, and 107 were found to have normal ADP-ribosylation
activity, indicating that their 40-fold or greater decrease in toxicity must result
from a defect in the receptor-binding B subunit. This was confirmed in binding
studies when it was shown that tox 102, 103, and 107 proteins were about 100-fold
less effective than native tox*n at blocking binding of 1257 toxin to Vero cells
{(Table I, fifth column),

TABLE I. PROPERTIES OF DIPHTHERIA TOXIN CRM

ENZYME ACTIVITY OF

PROTEIN A FRAGMENT

SYNTHESIS Ribosylation B FRAGMENT

TCICs ECgq® NAD Hydrolysis ECgg*

PROTEIN (ng/ml) (ug/el) (pmol) {ug/ml) DEFECTIVE SITE

DE 1 0.2 45 0.1
101 >10,000 >100 41 0.1 EF-2
102 100 0.2 107 10 R
103 40 0.2 79 10 R
104 >10,000 >100 1 0.1 Ad
105 >100 >100 27 - EP-2
106 >100 >100 0 -— Ad
107 >100 0.2 75 10 R
108 >100 >100 24 - EP-2
109 >100 30 113 - EF-2?
110 >100 3 36 - EF-2?
197 >10,000 >100 4 0.1 Ad

3Concentration required for ADP-ribosylation of 50% of EF-2, in standard assay.
*Por block of 1251-toxin binding.
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Several of the other CRM were, like the previously characterized CRM197, com-
pletely unable to catalyze ADP-ribosylation. To characterize these proteins further,
tests for hydrolysis of nicotinamide adenine dinucleotide (NAD) were performed. NAD
is normally the ADP-ribose donor during ribosylation; in the absence of elongation
factor 2 (EF-2), the NAD bound to the toxin catalytic site may be slowly attacked by
H9O0. NAD hydrolysis assays therefore measure the integrity of the NAD binding site.
However, the rate of NAD hydrolysis is also affected by the conformation of the whole
molecule, since the B subunit is adjacent to the NAD binding site and partially
blocks it. The data clearly show that 2 of the proteins, tox 104 and 106, are unable
to hydrolyze NAD, and are therefore functionally equivalent to CRM197. At least 3
of the other proteins are able to hydrolyze NAD; these CRM (tox 101, 105, and 108)
must therefore be defective in either binding of the other substrate, EF-2, or in
catalyzing the transfer reaction. These alternatives cculd be distinguished only
through detailed kinetic studies using purified EF-2. 1In Table II these CRM are
listed as defective in EF-2,

The twc remaining proteins not yet discussed, tox 109 and 110, may be the most
interesting., These proteins have measurable but decreased ADP-ribesylation activity
and apparently normal NAD hydrolytic ability. Like 101, 105, and 108, they would
appesr to have decreased EF-2 binding. However, it is not clear that a 10-fold
lower ADP-ribosylation activity can account for 100-fold or greater loss in toxicity
of tox 110. Tox 109 and 110 have not been assayed for B fragment activity, so the
possibility that these proteins are double mutents cannot be excluded. The inter-
mediate behavior of tox 109 and 110 emphasizes a cautionary note regarding the
analysis summarized in Table I. While the in vitro assays measure single functions
of these proteins. the in vive activities (toxicities) can be expected to reflect
sowe complex summation of these, Thus, an amino acid change detected in vitro as a
loss in NAD hydrolysis may alter the conformation of the proteln so that it is more
sugceptible to degradation or so that it interacts differently with the subcellular
syatems of the target cell which are involved in internalization and activation of
the toxin protein,

Regearch with the DE receptor in FY 81 was concerned with 2 main topics. The
first involved completion of work with the metabolic inhibitors. Although we had
successfully defined many aspects of the problem, an important point remained, e.g.,
is the metabolic inhibitor-induced loss of toxin-cell binding due to a loss of re-
ceptors or a change in the binding affinity? To distinguish between these 2 possi-
bilities, it wag necegsary to treat cells with the inhibitors and run a Scatchard
analysis of the toxin-cell binding. When this was done (for all 4 active compounds),
the results pointed to a loss of binding sites as the proper explanation.

The other main effort with the receptor was concerned with fts toxicity for
rabbit reticulocytes. We found that DE could inhibit protein synthesis in these
celis and sought to determine whether or not this is a receptor-mediated process.
The choice of these cells is important because they apparently lack lysosomes and
it i5 believed diphtheria toxin (along with several other toxins, hormones, and
viruses) may require lysosomal processing to be active. Dose-responses for DE-
induced inhibfition of reticulocyte protein synthesis indicated a concentration of
= 100 pg/ml is requirec for a complete block., This is quite high relative to most
other cell systems and ralses a serious gquestion of specificity. Our approach to
this problem was to test those drugs or chemicals which have been shown to protect
from diphtheria toxin in known receptor-mediated toxicity systems and determine if
the agents would protect reticulocytes, We tested metabolic inhibitors and found
that those agents which protect in the other systems also protect veticulocytes
(Table 1),
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TABLE II. EFFECT OF METABOLIC INHIBITORS ON DIPHTHERIA TOXIN-INDUCED PROTEIN
SYNTHESIS INHIBITION3

CONCENTRATION PROTEIN SYNTHESIS (cpm)
DRUG (mM) Drug alone Drug and toxin
None 2200 400 ( 18%)b
Fluoride 0.5 2150 530 ( 24%)
1.0 1970 780 ( 40%)
3.0 1400 1300 ( 93%)
Azide 0.5 187¢C 670 ( 38%)
1.0 2040 1030 ( 51%)
Cyanide 1.0 1940 550 ( 28%)
5.0 1500 430 ( 29%)
Dinitrophenol 0.05 2000 1000 ( 50%)
0.1 1380 1380 (100%)
0.5 1600 1680 (1052)
Deoxyglucose 30 1980 330 ( 13%)
100 1710 350 ( 20%)
Salicylate 3.0 2650 670 { 25%)
10 2120 1230 ( 38%)

3Cells were incubated with the indicated agent for 1 hr at 37 C. Toxin was added
(100 yg/ml) and incubation continued for 2.5 hr. Toxin and drug were washed out
and the cells were incubated 1 hr further at 37 €, Proteln synthesis was then
measured with a 1 hr pulse of [3H])leucine.

bZ of drug control,

Certain amines known to protect from diphtheria toxin (NH&Cl, methylamine, and
chloroquine) were tested with reticulocytes and found to protect sgainst DE, but
only minimally. This is an anticipated result, since the amines ave lysosomotropic
agents and the reticulocytes have few or no lysosomes. Nucleotides which block
DE-receptor binding were tested and found to work with the correct specificity
(Table 1II).

Most interesting in the reticulocyte work was the observation that unnicked DE
wvas not toxic, but if it was nicked with trypsin, the toxin was active. This is the
firet documented report of a nicked-unnicked DE dif{fevential sensitivity and can be
explained as due to (a) a cellular lack of the "nicking enzyme" or (b) an improver
packsging or location of the enzyme., The latter explanation is particularly
attractive considering that the reticulocytes have lost their lysosomes.

Studies of the DE-receptor (or any toxin receptor) system would be greatly
facilitated by the availability of an antibedy to the receptor. Thexe are several
recent reports in the literature where monocional antibodies to receptors were
obtained using crude receptor preparations and the mouse hybridoma system. We
undertook a similar approach using the Vero cell-DE receptor system. A crude
preparation of Vero cell membranes was used to immunize mice, After 8-10 weeks, the
mice were boostered; 3 days later their spleens were removed and a fusion experiment
was carried out with mouse myeloma cells. The resultant cells were scaded in
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microtiter plates and the cells were tested for 125I-DE-Vero cell blocking. Four
positive colonies were obtaired in the second attempt, but these cells stopped pro-

ducing blocking activity duriag the cloning operations. We believe the results are f
highly encouraging and want to repeat the work. However, before doing so, we are “

making attempts to determine why the hybridoma cells stopped producing the putative
anti-receptor antibody and how such recurrences could be prevented in the ifuture.

During this past year, studies on the cellular internalization of DE were con-
tinued, with primary emphasis on the mechanism of action of the protective amine
compounds. It was shown that NH,Cl, a potent blocker of cytotoxicity, has no
apparent effect on the internalization or degradation of DE, as assayed by previously
established biochemical techniques. Autoradiographic studies appeared to confirm
these results: after a 2-hr incubation of cells with !25I-labeled diphtheria toxin
at 37 C, more than 30% of the silver grains weve associated with the cytoplasm
either in the presence ur absence of piotective concentrations of NH,Cl. However,
more complex experiments designed to determine the effect of specific antitoxin
addition on the NH;yCl-mediated protection indicated that, in the presence of NH,C1,
biologically active toxin molecules were maintained in a position accessible to
antibody, presumably on the cell surface. 1In thnese studiles, Vero cells were pre-
ivrcubated with DE £.r 18 hr at 0 C, rinsed to remove unbound toxin, and warmed to
37 C in the prescnce or absence of NH4yCl. Antitoxin was added either sirultaneously
with the NH,Cl (0 vime) or 60 min after NH,Cl addition. After 2 hr at 37 C, the
cells were rinsed, incubated a further 2 hr, and assayed for protein synthesis. Re-
sults showed that the cells were completely protected from concentrations of DE up
to 100 ng/ml when NH,Cl and antitoxin were added simultaneously at O time. In the
absence of antibody, NH,Cl was only partially protective. When antitoxin was added
at 60 min, however, the protective effect was increased = 100-fold. Antitoxin alone
added at 60 min hac no detectable protective effect. These results suggest the
existence of dual internmalization or dual intracellular processing mechanisms for
diphtheria toxin, with the NH,Cl-sensitive (biologically relevant) patheway encompass- .
ing only a small fraction of those moleculas internalized and degraded by the major
pathway quantitoted by eur biochiemical measurements. In light of more recent evi-
dence, however, it seema move likely that surface-bound toxin is internalized by a
single mechanism, with NH,Cl acting at the level of an intracellular vesicular pool
in rapid equilibrium with the cell membrane., This will be discussed below.
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Ag well as NHCl, a large number of alkylated amines and ethylenediamine deriv-
atives were found to protect cells effectively from the action of DE. The parent
compound, ethylenediamine itself, had no effe t. Thoughk ncae of the protective
amines had measuvrsble effect on the internalig:tiom of .', .. ~iocked toxin degrada-
tion, ss determined by cellular excretion of raiiolabeled trichloroacetic acid-
soluble fragments, Subsequent studies using specific antitoxin, however, showed
that, as was the case for NH,Cl, biologically active toxin molecules appeared to be
maintained at the cell surface in the presence of the tested alkylamines.
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A series of experiments recently published by Draper and Simon (1) showed that
in the presence of NH,Cl, DE was maintained in an antibody-asccessible position at
37 ¢, but not at & C. We confirmed these results ‘n ouxr systeum, using both NH,Cl .
and a wide range of alkylamines (Table TV). One reasonable interprctation of these N
data is that in the presence of NH,C:, toxin becorss sequestered in intracellular .
vesicles; thus, at 37 C, either sntitoxin is endocytogsed and neutralizes intra-
vesicular DE, or the toxin-ceontaining vesicles are recycled to the plasma membrane, ;!
where the toxin-antitoxin neutralizing interaction occurs (Table IV, Column 2). 5
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At 4 C, presumably neither endocytosis nor exocytosis takes place; therefore,
either antitoxin cannot enter the cell or intracellular toxin-containing vesicles
cannot return to the cell surface, and protection does not take place (Table 1V,
Column 3).

TABLE IV. PROTECTION OF VERO CELLS FROM DE BY AMINES: EFFECT OF
ANTITOXIN ADDITION#*

% CONTROL PROTEIN SYNTHESIS

No antitoxin + antitoxin, + antitoxin
CHEMICAL addition 37 C 4 C
Control 0 3 4
NHyC1 2 85 17
Methylamine 3 60 30
Ethylamine 1 87 29
Propylamine 1 82 24
Butylamine 1 87 11
Triethylamine 1 63 27
Tributylamine 4 89 21
Ethylenediamine {ED) 0 7 5
Tetramethyl ED 7 75 48
Tetraethyl ED 10 71 40
N,N-dimethyl ED 27 57 39
N,N'-dimethyl =D 30 63 54
Croroquine 2 60 30

*Cells were preincubated with the indicated amines (10 mM) for 15 min at 37 C.
Diphtheria toxin (3 ng/ml) then was added and incubation continued at 37 C for 60
min. At this point, antitoxin (1:500G) was added to the control cells (Column 2) or
4 C (Column 3). No antitoxin was added to the control cells (Column 1). The cells
then were rinsed, fresh complete medium was added, and incubation co ~inued for
24 hr at 37 C. Protein synthesis then was assayed as described in Materials and
Methods.

A further series of experiments may provide support for the intracellular vesi-
cle recyeling hypothesis, Inositol hexaphosphate (IHP) is a highly charged compound
and probably does not readily cross the plasma membrane barrier. It effectively
protects cultured cells from DE, presumably by interfering with toxin-receptor bind-
ing; furthemore, when added at 4 C to cells prebound with radiolabeled DE, IHP en-
hances the detachment of bound toxin molecules from the cell surface. When IHP was
substituted for antitoxin in temperature-ghift experiments analogous to those de-
picted in Table IV, similar results were obtained: the amine-treated cells were
protected at 37 £, but not at 4 C. These results may indicate that toxin internal-
ized {n vesicles 1s returned to the cell surface in the presence of amines, where
it can be neutralized.

DE internalization and preccessing studies were further pursued zhis vear using
a modification of the spectrophotometric fluorescence probe technique of OChkuma and
Poole (2) to investigate the effects of the protective amines on intralysoscmal pH.
Since the protective alkylanmines and ethylenediamine derivatives all markedly block-
ed the degradztion of radiolabeled toxin, it seemed reasonable to hvpothesize that
these compounde act at the level of the lysosome. Vero cells therefore were allowed
to endocytose fluorescein-labeled dextvran, which accumulates in lysosomes. The
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cells were then rinsed thoroughly, trypsinized, and fluorescence spectra of the
final cell suspensions measured in the presence or absence of various amines. The
amine-mediated increase in relative fluorescence intensity presumably represents an
amine-mediated increase in lysosomal pH. In these experiments, intralysosomal pH
was determined using the ratio of fluorescence measured with excitation at 495 mm to
that with excitation at 450 nm (Ex 495/450) compared to a standard curve generated
from the excitation spectra of stock solutions of fluorescein-labeled dextran ad-
justed to variocus pH in the range 2,0-9.0. The data in Table V demonstrate that the
protective amines increase intralysosomal pH by approximately 2 pH unite. The non-
protective compound, ethvlenediamine, did not elicit a pH increase. Since the
lysosomal enzymes have pH optima in the range of 4-5, it is possible that the amine-
mediated elevation of lysosomal pH leads to the inhibition of some enzyme(s) essen-
tial for the generation of active toxin.

TABLE V. EFFECT OF AMINES ON INTRALYSOSOMAL pH IN VERQ CELLS*

CHEMICAL INTRALYSOSOMAL pH * SE
Control 4.6 + 0.3
NH,C1, 10 mM 6.7 + 0.8
Methylamine, 10 mM 6.5 + 0.7
Ethylamine, 10 oM 6.5 £ 0.9
Propylamine, 10 mM 6.2 + 0.4
Butylamine, 10 mM 6.1 £ 0.3
Triethylamine, 10 mM 5.9 £ 0.3
Tributylamine, 10 mM 5.7 0
Ethylenediamine, 10 mM 46,4 1.0
Tetramethyl ED, 10 mM 6.3 £ 0.5
Chloroquine, 0.1 mM 6.3 +0

®%Cells were incubated 18 hr at 37 C in complete E199 medium containing FITC-
dexiran (1 mg/ml). The cells then were rinsed 4 times with HBSS, trypsinized, and
resusprded in complete E139 medium. These cells then were rinsed 2X in unsupple-
me .o - Pt-> by contrifugation at 1000 rpa for 5 min and finally resuspended in warm
HBSS supplementes with 25 mM¥ Hepes buffer and 2% FCS. Pluorescence spectra of 2-ml
aliquots of the firal cell suspensions in the presence or absence of the indicated
amines were measured in the range of 400-50C nm using a Perkin-Elmer MPF-4 fluores-
cence spectrophotometer. The ratio of fluorescence measured with excitation at
495 nm to that with excitation at 450 nm (Ex 495/BEx 450) was deteramined for each
sample. These figures wvere used to estimate intralysosomal pH based on comparisons
to a standard curve generated from the fluoresceace spectra of stock solutions of
FITC-dextran adjusted to various pH in the range 2.0-9.0. Results are listed as
the average of 3 separate experiments.

An slternative explanation for the protective effect of intralyscsomal pH ele-
vation derives from the wvork of Draper and Simon (2), who demonstrated that diph-
theria toxin rapidly penetrates the plasma membrane in response to acid extra-
cellular pH. Furthermore, acidification of the extracellular medium bypasses the
protective effect of the lysosomotropic amines. The ability of lowered extra-
cellular pH to byvpass the amine-mediated protective effect was tested in our system:
results using a2 large number of alkylamines and ethylenediamine derivatives showed
that the protactive effect was abrogated by exposure of cells to medium titrated te
pil 4.0-4.5. Similar results wvere c>tained ~ith NH,Cl and another lysosomotropic
drug, chloroguine.
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In toto, these results seem to support « iodel in which surface receptor-
bound DE becomes sequestered in endocytic vesicles and then exposed to acid pH,
possibly folloving vesicle-lysosome fuaion. At acid pH, DE (or toxin fragment)
penetrates the vesicle membrane and enters the cytoplasm, where it catalyzes the
ADP-ribosylation of EF-2, leading to cytotoxicity. Im the presence of amines,
lysosomal pH is elevated so that the escape of toxin to the cytoplasm 1s blocked.
These vesicles (secondary lysosomes ?) may recycle to the cell surface.

The role of lysozome in toxin-induced cytotoxicity, however, is still unclear.
We have recently shown that rabbit reticulocytes, which lack defined lysosomes, are
seasitive to nicked DE but are unaffected by unnicked molecules. Similar experiments
were conducted in this laboratory usinmg 4 lysosomal mutant cell lines obtained from
the Human Genetic Mutant C2il Repository. These cell lines were obtained from
patients suffering from I-cell disease, a disorder in which the lysosomes, due to a
packaging defect, are deficient in 15-30 different lysosomal enzymes., Although
these cells grow poorly im culture, the effects of nicked and unnicked DE were com-
pared in each line in both protein synthesis and 3-hr cytotoxicity assays. %o
differences were detected.

Botulinum Toxin. A major new effort was undertaken this year invelving studies
on the mechanism of action of botulinum toxin. Delineation of other bacterial toxins’
mechanisms of action depended heavily on the availabiiity of a cell culture system.
Until recently, there were no such candidates for use with botulinum toxin. The
development of 2 new cell lines has changed that picture. One, called NG108-15, is
a hybrid clone from a neuroblastema and a glioma fusion. The other, termed PC-12,
is a pheochromocytoma line developed in Lloyd Green's laboratory. Both of these
cell lines synthesize acetycholire and release the neurotransmitter in respeonge to
pharmacologic or _lectrical stimuli known to evoke release in vivo. There is there-
fore s good chance that one or the other will serve as a suitable cell culture
system for botulinum toxin studies,

A technical difficulty in working with these cells is their poor adhesion to
the plastic or glass surfacesz on which they are grown. For the types of studies we
iatend to carry out, it would be advantageous, if not necessary, to have the cells
firmly attached to the tissue culture surface. We therefore spent some time working
out the treatmeuts which would render the cells adherent during the course of several
washes. We ultimately found that a 0.5 hr treatment of the tissue culture vessel
with 40,000-70,000 N.W. poly-l-lysine was very effective.

We next moved on to setting up the acecylcholine assay which is required to
measure the amount of neurcotransmitter release from the cells. Scme modifications
of the published methodology are needed for the assay to be saticfactory for our
ieeds. Ve determined the optimal conditions required to "load" the cells with the
acetylcholine precurser §3H]choline. The cellular concentration of choline reached
a steady state by 60 =min with the NG108-15 cells while 90 min were required wich
the PC-12 cells. We are presently engaged in optimizing conditions to measure
acetylcholine release.

A large effort was also devoted to obtaining monoclonal antibodies to botulinum
toxin. Experiments were perfermed in cellaboration with Dr. Lynn Siegcl using a
forraldehyde toxeid of botulinum type A; to date, 14 antibody-producing hybridoma
cclonies have been {solated, grown, and frozen for future study. The botulinunm
studies have beoen complicated by the difficuley of developing an effective ELISA for
rapid screening of specific mouse antibody, but parameters for a usable assay have
been established based on the alkaline phosphatase reaction. Future efforts will
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involve cloning the antibody-positive parent colonies, assaying the clones for anti-
body production, and testing the resultant antibody for biological effectiveness in
mouss neutralization tests. Preliminary mouse neutralization assays using super-
natant samples from the parent cell cultures were equivocal, though in some cases
appeared to prolong time to death relative to the controls.
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BODY OF REPORT

Project No. 3M161102BS10: Military Disease, Injury and Health Hazards )

Work Unit No. S10 A0 199: Bacterial and Rickettsial Diseases of Potential BW
Importance

Background:

This work unit consists of 5 research units which will be cited individually.
Dr. Scott's studies of immunization of the respiratory tract showed that vaccines
composed of nonliving Pseudomonas pseudomallei immunogens stimulate synthesis of
epecific antibody in guinea pigs; however, immunized animals remain susceptible to
lethal respiracory infection while reflecting varying degrees of partial resistance
to parenteral challenge (1). Sublethal infection of gulnea pigs stimulated higher
levels of humor antibodies and a marked peripheral lymphoproliferative response,
as contrasted with vaccinated animals. In an extension of these studies he has
attempted to potentiate the humoral and cellular responses to chemically inactivated
P. pseudomallei immunogens through the use of adjuvants, and has examined the
protective efficacy ¢f a pseudomallei vaccine that was inactivated by gamma-
irradiation, ‘This work has terminated. Studies were initiated to evaluate an
array of genetically standardized mice as potential models for Q fever. A
laboratory animal exhibiting increased gsensitivity to infection with C. burnetii is
requisite to effective vaccine development and evaluation.

The objective of Dr. Wachter's research unit is to evaluate the potential of
the soluble phase I antigen of Coxiella burnetii as a vaccine. The antigen, which
has been tested as a vaccine in volunteers in Czechoslovakia and Romania, is much
less reactogenic thsn either cell-wall or whole organisms preparations of this
organism. The antigen (a) 1is stable to lyophilization, storage at 4°C and auto-~
claving; (b) will induce a cellular immune response; and (¢) 1s 100 times less
skin-reactogenic than the Merrell-National Laboratories particulate phase I Q
fever vaccine. 7o obtaln chavacterization data that will be required for the
antigen to be approved as a subunit vaccine, sufficient quantities of purified
antigen are needed, In the initial approach to purification, we found that gel
filtration of trichloroacetic acid (TCA) extract preparations of the antigen
through Sephadex produced 2 major components, only one of which was antigenic and
immsnegenic, Two fractions have been separated from this active component. This
report summarizes progress in the purification of the antigen and in defining its
immunogenic properties,

Dr, Hedlund's research unit deals with efforts on Legionnaires' disease which
began In January 1978. Since that time many facets of the diseases bave been
explored, but with a new commitment to the anthrax program the amount of time and
space afforded to the Legiornaires' disease program has been modified. Present
efforts are directed towards detection and direct isolation of Legionella species
from ciinical specimens or the environment (Mr. Janssen). LTC Lowry is performing
sequential histopathologic studies using a new technique she has introduced which
will follow the events following Legionella aerosolization into guinea pigs. MAJ
Ristroph is unfolding basic pleces of Information dealing with the maintenance of
virulence and has developed some fundamental insights into why certain Legionella
strains are virulent and others avirulent.
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"Identification of pathogens using nucleic acid hybridizatioa" (J. W. Ezzell)
deals with DNA homology studies, The extent of hybridizaticn of DNA single strands
from 2 organisms to form double~stranded DNA hes been utiitzed over past decades
as - measure of DNA homolugy and thus relatedness, Although primarily utilized as
a taxonomic tool, nucleic acid hyuLridization can be used to identify an unknown
organism by determining the homology of its DNA with orzanisms of known identity.
DNA komology determinations are not affected by minor genotypic alterations which
can cause major alterations in an organism's phenotype. Therefore, this method
can be invaluable in identification of organisms whose phenotype has been altered
through mutation and/or genetic enginearing so as to make classical identification
methods less effective, Over the past 2 years this investigator has established
these techniques at USAMRIID to identify new Legionella species isolates and
potential BW agents. Having been established, this research unit is being main-
tained on a stand-by status uniil required.

Dr. Knudson and CPT Mikesell have been studying plasmids in diseases of
potential military importance. Multiple drug-resistant plasmids complicate the
treatment of infectlous diseases by rendering their hosts resistant to specific
antimicrobial agents. This drug resistance can be conjugally transferted in vivo
to other bacteria even across speciles limes. Virulence plasmids specify properties
that contribute directly to the pathogenicity of the bacteria. Extrachromnsomal
genetic determinan code for botulinum, diphtheria, streptoccccus erythrogenic
toxins, and the er. i -ithogenic Escherichia coli enterotoxins and pilus-like
colonization antigens. Molecular genetic manipulations using plasmids as vectors
will allow the design and construction of new specles of pathogens against which
are present methods cof identification and treatment will be ineffective. This
research is designed to establish a technological base for the genetic analysis of
pathogens and to help evaiuate the BW threat from pathogens which contain naturally
occurring plasmids or recombinant DNA molecules. Methods have been developed for
rapid detectlon, isolation and characterization of extrachromosomal DNA and have
been applied to the genetic analysis of several pathogens of military importance.

Under a new addendum to the research plan (gene cloning and the molecular
genetics of pathogens), a proposal to clone the protective antigen gene from
Bacillus anthracis has been submitted and approved by the Institutional Bilosafety
Committee. This will expand the present research program from one of molecular
genetic analysis to one of molecular genetic engineering.

Progress:

"P. pseudomallei and C. burpetii animal model" (G. H. Scott). All work to date
suggests that nonliving P. pseudomallei antigens have little or no values as vaccines.
These observations together with the variability encountered in the virulence of
this organise, have led to an administrative recommendation that research on
respiratory meliodosis be terminated. Dr. Scott's second effort involves the
development of a new animal model system for Q fever (C. burnetii); this looks
promising, based on prelimivary data.

"Cliaracterization of C. burnetii components" (R. F. Wachter). It was reported
earlier that gel filtration on columns of Sephadex G-200 or Sepharose-4B8 separated
TCA extract preparations of the phase I antigen into 2 major components, only one
of which was antigenic and immunogenic. Using Sepharose-2B, good separation was
obtained of the active peak from the vcoid volume and from the second (inactive)
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peak. Further, the original active peak was separated into 2 fractions; an
optically visible peak with a low or negative CF titer and an optically obscure
fraction exhibiting a high CF titer. Immunogenicity of the 2 fractions was
evaluated in guinea pigs. Differences in guinea pig protection afforded by the
CF* and CF~ fractions is indiceted in Table I.

TABLE I. IMMUMOGENICITY OF TWO COMPONENTS SEPARATED FROM EX1TRACT PREPARATIONS
OF THE PHASE I ANTIGEN OF COXIELLA BURNETII

EXTRACT | TOTAL FEVER DAYS/ POSTCHALLENGE
BATCH FRACTION FEVER DAYS ANTMAL TITFR (MA-TI)
vt crt 4 0.6 295

CF~ 18 2.3 25
Saline 13 1.9 1.4
vzt crt 1 .3 42
CF~ 25 3.1 27
saline 41 5.1 3.1

aBody temperature > 40.0°C is considered fever.

bGeomettic mean of the reciproczl of the microagglutination titer to phase I
L. burnetii antigen,

“Guinea pigs vaccinated, with 2 weeks between doses, and challenged 6 weeks
later.

dGuine& pigs vaccinated with 1 week between doses and challenged 2 weeks later.

In a previous report we showed that high speed centrifugation (105,000 x g,
4 hrj of TCA extract of the phase I antigen of C. burnetii ylelded sediments that
contained about 1/3 of the protein but most of the antigenicity and immunogenicity
of the extrsct. A similar study was performed using the sediment and supernatant
fractions cbtiined by centrifugation at 175,000 x g, 5 hr. Both sediment prepara-
tions exhibited similar degrees of protection, although tue latter supernatant
vas less immunogenic than the former. Possibly the increased centrifugal force
sffected the decrement in immunogenicity.

"Legionella pneuzophila" (K. W. Hedlund). An zatiserum=-containing agar
medium has been developed which has permiited the simultaneous detection and direct
isolation of all known Legionella species and serotypes of L. pneuwophila. It was
possible to detect and isolate L. pneumophila in specimens from the lung, liver,

:  and spleen of an serosol-infected guinea pig sacrificed early in the diseased
condition, and from seeded air conditloner cooling tower water containing as few
-y a8 25 CFU/ml. This method is a wodification of one rcported by Albizo and

. Surgalla (3), for Pasteurella pestis, and employs s modification of the filtered
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yeast extract medium of Ristroph and co-workers, Antiserum was obtained from a
rabbit hyperimmunized with a formalinized vaccine containing all known Legionella
specles end serotypes of L, pneumophila, Agar gel precipitin titers were 1;32

for L, preumophila serotypes 1, 2, 3, 4 and 6, and 118 for serotype 5, L. micdadei,
L. bozemanii, L, dumoffii, and L, goxmanii, Ten ml of filtered yeast extract agar
wag added to 0,5 ml of sterile antiserum per standard petri dish. The plates were
streaked for colony isolation with all available cultures of Legionella species, as
well as sampies of air conditioning cooling tower water seeded with L. pneumophila,
pond water, and tissues from a guinea pig infected with L. pneumophila. After

2-4 day incubation at 35°C well~isolated, fully developed colonies of Legionella
species exclusively had a precipitin ring around them which was easily visualized
when the plates were viewed under oblique transmitted light against a dark back-
ground, Selection of Legionella colonies among contaminants was easy. The
precipitin ring could be intensified by exposing the culture surface of the plates
to chloroform vapors for 10 min and reincubation at 35°C or room temperature for
up to 24 hr; however, this procedure killed the organisme so that subculture of the
colonies was impossible., False precipitin rings have not been observed arcund any
colonies of air, water or tissue contaminants, nor around the coloniea of
Pseudomonas, Proteus and c.'liform species tested. It is probable that the 1:20
cilution of antd- 2ruw with the mediun prevents potential cruss-reacting antibodies
from forming visible precipitin rings with common antigens in contaminant bacteria.
The antiserum-agar technique may eliminate the current need to passage contaminated
clinical and enviropmeatal specimens in guinea pigs aud embryonated egg yolk sacs
befoyre isola*ion of pure culturss on laboratory media is possible, and should be
especialiy useful in laboratoraies not equipped to utilize fluorescent-antibody
techniques and ani-al pdssage for detecting and isolating Legionella species.
Practical gpplication of this method in surveying for potential environmeatal
gources of legionelicsis, and in isoleting Legionella species directly from clinical
material as 1t becomes avallable is planned. A manuscript tentatively entitled
"Anriserum -agar plate technique for simultaneosus detection and direct isolation of
Legionella species in clinical end envivoumental specimens" is in preparation.

The mechanism of virulence of L. pr.umophila is at the present time unknown,
and is provably a combination of factors like those found in many other miciu-
organisms, One factor thac is respousible for virulence in this organism 13 its
abilicy ve survive and repli_ate within hoat cells, Therefore, iuvestiigations into
the nature of the cell walls of (his ovganism were initiat.d., The effect of
“wdrolytic enzymes on the cell walls was closen as an initial evperiment (Table II).

Trypsin was the mogt eifective enzyme for both types of cell walls; however,
chymotrypsin waer morc active sgalnst cell wells obtained from virulent orgzuisms.
Papain showed litcle effect on eithar strain, while lysozyme was moderately
effective. The attenuated strain's in~reased sensitivity to these enzymes indicated
a chenge in their cell walls. Botn trypsin and chymotrypsin were specific in their
actlon on peptide bonds involving the carboxyl grours of certain amino acids.
Because c¢f this specific action, we believe thei: the virulent strain contains more
arcmatic amino acids in the cell wall than the attenuated strain. This possible
requirement for aromatic amino acids by the virulent strair may explain why
virulence is lost on media thac are low in these amine ecids., This relationship
between the aromatic amino ecid and virulence is under investigation.

.........
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TABLE II. EFFECT OF HYDROLYTIC ENZYMES ON CELL WALLS

RELATIVE DROP IN OPTICAL DENSITY>

ENZYME v A

Papain 0.000 0.025
Pronase 0.004 0.081
Lysozyme 0.073 0.043
Trypsin 0.177 0.239
Chymotrypsin 0.191 0.031

%pifference in OD57g measured by subtracting the final OD at 50 min from
the initial OD. Temperature of experimentation was 37°C.

Pathology of acure legionellosis pneumcpnia has been well publicized, but the
early pathophysiology is virtually unknown. Infection is considered to be via the
aerosolized route, but few laboratories are equipped to utilize the technique of
aerosolization.

In a collaborative study with the Aerobiology Division lethal concentrations
of L. pneumophlla were aerosolized into guinea pigs. Results indicated that the
bacteria were multiplying in and transported by macrophages. L. pneumophila were
identified early in significant numbers in the larynx and upper 1/3 of the trachea.
There was a direct relation between time and progressively increasing numbers of
the bacteria (usually in macrophages) appearing more peripherally in the respiratory
tract. These findings agree with the work of Horowitz and Silverstein (4) which
showed a direct relationship between the numbers of macrophages cultured and the
numbers of L. pneumophila recovered with time from the infected cultures.

In addition to intra-alveolar pneumonia, interstitial pneumonia was present.
Within the alveolar septae specific antigenic material was ldentified by direct
fluorescent antibody technique, and attributed to the vascular dissemination of
L. pneumophila by macrophages. The interstitial pneumonia occurred throughout the
lung while the bronchopneumonia distribution usually reported as the early disease,
was apparently due to bacterial transmission solely through airways.

In 1979 we initially demonstrated that L. pneumophila were lethal for AKR/J
mice. lLater, we showed that cell-free sonicates of the same organism were also
lethal when injected IP into AKR/J wmice. Acid pertition of this crude toxin
preparation followed by gel filtration and preparative isotachophoresis of the
resultant supernatant material yielded a 3,400 MW toxin. At the time when these
preliminary experiments on toxin purification were being dome, the other new
genetically distinct Legionella agents were being recognized. It now was a simple
matter to extend these findings and techniques to the new members of the Legionella
family. Representatives of all of the known Legionella species were kindly provided
by both Dr. Pasculle of the University of Pittsburgh School of Medicine and the
Centers for Disease Control, Atlanta. These organisms were subjected to the identical
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cultural, harvesting and toxin separation procedures that were used on

L. pneumophila and reported this year, We drew attention to the fact that cell-
free acid eupernatants of sonicated L, pneumophila and the genetically distinct

L, micdadei (Pittsburgh Pneumonia Agent) were lethal for AKR/J mice. We reported
that both contained 3,400 MW proteins which were antigenically identical. These
extended studies demonstrated that L. pneumophila serotype 1 shares a common toxic,
low MW antigen with all other identified gemerally distinct Legionella species.

Attempts were made to find in vitro correlates to the AKR/J animal lethality
atudies that might shed some light on pathogenic mechanisms. New Zealand BW-J-M
mouse macrophages were grown for 48 hr in culture flasks containing Eagle's
minimal ¢ssential medium/nonessential amino acids medium with 10% fetal calf
serum, 1% penicillin-streptomycin and 1% sodium pyruvate; incubation was at 37 C.
Cells wev> removed from the growth surface by gently rolling glass beads across
them. The suspension had a cell count of 6.4 X 103 cells/ml with a viability of
95Z. The control sample contained 1.0 ml of cell suspension and 0.5 ml of prepara-
tive isotachophoresis elution buffer (H,PO, Tris, pH 7.04). The treated sample
contained 1.0 ml of an identical cell suspension and 0.5 ml of the isolated
isotachophoretic peak derived from L. pneumophila organisms. The samples were
incubated in tightly capped 5-ml Falcon plastic tubes at 37 C. Viabilities were
determined by the standard trypan blue exclusion method. The results show that
within 4 hr the number of viable toxin-treated macrophages dropped to less than
one-haif of the control levels.

Another demonstration of Legionella's toxic impact on cells normally involved
in antimicrobial defense is provided by chemiluminescence (CL) studies. Basically
PMN emit CL after phagocytosis of certain opsonized particles, like bacteria.
Light emission can be detected and quantitiated in a liquid scintililation counter
and appears to result from the ground state of electronically excited carbonyl
groups, thought to be generated during singlet oxygen-mediated oxidation of the
phagocytized substrate; one of the earliest studies by Stevens and Young (5)
demonstrated a correlation between resistance of certain strains of Escherichia
coli to opsonization and decreased in vitro killing, oxygen consumption, visual
phagocytosis and CL responses of human granulocytes. Grebner et al. (6) demon-
strated parallel relationships between phagocytesis and CL under a variety of
conditions designed to alter opsonization of bacteria. This led the authors to
conclude that the biochemical processes controlling phagocytosis and CL may be
closely related or interdependent. In addition to phagocytosis, Allen et al. (7)
also established the relationship of CL measurements to the microbicidal activity
of PMN. As noted by Trush et al. (8) the CL response of phagocytic cells is
dependent on cell metabolism and the measurement of CL represents a potentially
userul index to assess the effects of pharmacologically toxic agents on phagocytic
cells. To study the effects of Legionella toxin on CL, preparative isotachophore
peaks were obtained. Similar bimodal peaks could be obtained from the other
Legiopella species. CL techniques previously described by McCarthy et al. (9), but
specifically adapted to use human PMN as well as rat PMN were used to test the
toxicity of the toxins., The results show that the second peak consistently
inhibits the CL activity of the PMN.

The next question that arose was how readily can these "in vitro" similarities
of antigenicity, MW, toxic functions be translated into in vivo models? Could
animals ivaunized with L. pneumophila be protected against a lethal challenge from
genetically distinct L. micdadei? The following set of experiments were performed
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using the Washington strain serotype I, L. pneumophila and L, micdadeil obtained
from Dr, Pasculle, DNA homology studies were performed to document their genetic
distinctness (10). AKR/J mice inoculated with sublethal aliquots of acid super-
natant material from both specles of Legionella obtained by methods published this
year, were boosted 28 days later, After 10 days they were challenged with either
a lethal dose of viable L. pneumophila, L, micdadel or a lethal dose of acid
supernatant material from the respective organisms. Nonimmunized mice were
included for appropriate lethal challenge controls. Animals immunized with

L. pneumophila acid supernatant and challenged with a lethal inoculum of viable

L. pneumophila or L. micdadel organisms are protected, as are animals given a
lethal inoculation of L. pn L. pneumophila or L. micdadei acid supernatant. This cross-
protection by a previously demonstrated single shared antigen was also confirmed
when animals were immunized with L. micdadei acid supernatant and challenged with
a lethal concentration of either viable L. micdadei or L. pneumophila organisms or
their acid supernatants. Studiec using L. pneumophila preparative tachophore peaks
which contain tlie single shared, common antigen were used to protect animals with
the same effectiveness as the acid supernatant preparations, although in this low
MW form they are probably less efficient as an antigen and harder to obtain.

"Detection and characterization of plasmids" (G. H. Knudson, P. Mikesell).
Seventeen strains from the 6 serogroups of L. pneumophila (including OLDA, which
was originally isolated in 1947) and screened for the presence of plasmids.
Standard methods used for isolating plasmid DNA from E. coli were not effective
when applied to strains of L. pneumophila, Extrachromosomal DNA was isolated from
3 strains of L. pneumophila, Atlanta-l and -2, and OLDA, by using an optimized
lysing and plasmid purification procedures, CPT Mikesell has examined species of
Legionella other than pneumophila (Table III).

TABLE III. PLASMIDS AND MOLECULAR MASS OF THREE LEGIONELLA SPECIES

SPECIES STRAIN PLASMID MOLECULAR MASS (Mdal)
L. pneumophila Atlanta-l pKM69 30
Atlants-~2 pRM70 30
OLDA pLP3 59.5
L. bozemanii WIGA pLB1 54
pLB2 47.5
L. dumoffii TEX-KL pLK1 58
pLk2 46.5

ladigenous cryptic plasmids, such as those found in strains of L. pneumophila,
may acquire transposons which code for drug resistance. The presence of an
R-plasmid coding for resistance to erythromycin would severely restrict the
present treatmeat of Leglonnaire's disease and Pontiac Fever,

................................

C e S v . %7

i S~ “SBite “SaSi Wabur-Inte JRa - e SEE Jovie Sl At ARSI ShSha ey



........

NLAE N o N e Y N Ty Ty N T N S T T Y Y T T TR T T e T e e
R AL v St A . RO N

e N I . B S P ) N (RS

113

Studies on the genetics of Bacillus anthracis. Initial attempts to detect the
presence of plasmids in B. anthracis by conventional techniques were not success-
ful, Two avirulent strains (Sterne and 770) of B. anthracis were screened for
plasmid DNA using the composite technique developed for the Legionella bacillus.
Plasm’d elements were successfully purified with this procedure in both isolates;
however, the method did not prove to be consistently reproducible. The method of
Lovett (11) with appropriate modifications has proven to be more reproducible for
plasmid purification in both avirulent strains of B. anthracis.

In addition, plasmid DNA has also been isolated from 2 virulent strains of
B. anthracis, Vollum 1B and a bovine isolate designated AMES. We have noted, like
C. B. Thorne (personal communication), that CsCl banded plasmid DNA could not be
resolved by agarose gel electrophoresis. This problem has been resolved by
growing cultures in a chemically defined medium and altering selected electrophoretic
parameters. Work is also in progress to apply these methods to 2 additional bovine
isolates (Texas, Colorado) and a human Colorado isolate. Preliminary data using

electron m%crosc0py and gel electrophoresis indicate these isolates have MW of
20-35 x 10°,

Gene cloning. The scope of the present research program has been expanded
with an addendum entitled "Gene Cloning and the Molecular Genetics of Pathogeas'.
This research will utilize new developments in recombinant DNA technology to
increase our understanding of pathogens of military importance and to produce
physiologically important proteins.

A memoranduvm of understanding and agreement for the cloning of the gene for
protective antigen from B. anthracis was submitted and approved by the
Institutional Biosafety Committee.

Protective antigen (PA) is the immunizing antigenic component of the
B. anthracis toxin. PA is the substance in the present crude anthrax vaccine that
is primarily responsible for the development of immunity. The objective is to
clone to expression the gene for PA by using recombinant DNA techniques in order to
develop a more effective anthrax vaccine which will produce a long-lasting, high
level of immunity.

Presentations:

1. Knudson, G. B. Principles of gene manipulation: an introduction to
genetic engineering. Fresented, Western Maryland College, Westminster, MD,
30 October 1980.

2, Hedlund, K. W. Leglonella toxin with in vivo lethality. Presented,
3rd Int. Conf. Bacterial Vaccines, N.I.H., Bethesda, MD, November 1980.

3, Ristroph, J. D. Physiological and antigenic characteristics of virulent
and attenuated Legionella pneumophila (Philadelphia 3). Presented, B8lst Annu.
Mtg., American Society for Microbiology, Dallas, TX, March 1981 (Abstract B157,
p. 39, 1981).
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4, Lowry, S., R, F. Berendt, and K. W. Hedlund. Early tissue invasions by
Legicnella pneumophila following aerosolization into guinea pigs., Presented,
United States - Canadian Division Int, Acad. Pathol., Chicago, IL, March 1981;
Lab. Invest, 44:39A, 1981; Ann. Clin, Lab. Sci. 11:452, 1981,

5. Mikesell, P. and G, B. Knudson, Plasmids in Legionella-like organisms
and Legionella pneumophila. Presented, 8lst Annu. Mtg., American Society for
Microbiology, Dallas, TX, March 1981 (Abstract H11ll1l, p. 132, 1981).

6. Lowry, B. S. Identification of Legionella pneumophila in tissue by
combined strains. Presented, Clinical Laboratory cof Washington Medical Center,
Washington, D.C., June 1981.
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isolation and purification, pp. 81-89. In Analytical Isotachophoresis (F. M.
Everaerts, ed.). Elseveir Scientific Publishing Co., Amsterdam.

5. Hedlund, K. W. 1981, DlLegionella toxin. Pharmacol. Therap. 15:123-130.

6. Manglafico, J., K. W, Hedlund, and A. R. Knott. 1981, Rapid and sensitive
method for qusntitation of Legionelle pneumophila serotype 1 antigen from human
urine., J. Clin. Microbiol. 13:843-845.

7. Mikesell, P., J. W. Ezzell, and G. B. Knudson. 1981. Isolation of plasmids
in Legionella oneumophila and Legionella-like organisms. Infect. Immun. 31:1270-
1272.

8. Bzzell, J. W., W. J. Dobrogosz, W. E, Kloos, and C. R, Manclark. 1981.
Phage-shift markers in Bordetella: alterations in envelope proteins. J. Infect.
Dis. 143:562-569,

9. Lowry, B. S., F. G. Vega Jr., and K. W. Hedlund. 1982. Localization of
Legionelia pneumophila in tissue using FITC-conjugated specific antibody and a
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BODY OF REPORT

Project No. 3M161102BS10: Risk Assessment of Military Disease Hazards (U)

Work Unit No. S10 AP 198: Bijology of Viral Agents of Potential BW Importance (U)

Background:

This laboratory has had a long-term research interest in the molecular basis for the
antigenic relationships that exist among alphaviruses. While it was initially hoped that studies
with Sindbis (SIN) virus (a molecularly well characterized prototype of the alphaviruses) would
help explain the antigenic complexity of togaviruses, it is now clearly recognized that the
antigenic expression of alphaviruses is completely different from that of flaviviruses. Our
research with SIN and related alphaviruses has been most helpful in establishing the techniques
and methodologies required for the antigenic analysis of tegaviruses and has allowed
development of some rather basic concepts and hypotheses concerning the antigenic
interrelationships of arboviruses in general. The ultimate goal of this research still remains to
isolate and characterize the smallest possible antigenic determinant capable of serving as an
immunogen of potential prophylactic value.

Early studies clearly showed that purified SIN virions were high titered antigens, yet
possessed all of the alphavirus cross-reactivity associated with classical infected cell
homogenate antigens, e.g., acetone-extracted infected suckling mouse brain. The development
of sensitive radioimmune assays (RIA) for SIN virus, either by precipitation (RIP) of radiolabeled
virion components or detection of unlabeled antigen and antibody using a radiolabeled secondary
antibody or protein-A, subsequently allowed analysis of virion components following degradation
of virion structure and concomittant loss of biological activity. Isolated nucleocapsids were
shown to cross-react broadly with a wide variety of alphavirus antisera and was initially touted
as the alphavirus group-reactive antigen responsible for antigenic definition of the genus. Both
virus-specific antigens and those responsible for closely related "complex" were identified in
solubilized envelope glycoprotein preparations. The purification and separation of the two
envelope glycoproteins by isoelectric focusing allowed precise definition of the antigenic
specificities of these SIN virion antigens. The isolated E1 glycoprotein was capable of
hemagglutination (HA) and complement fixation (CF) and induced antibodies in experimental
animals that appeared to cross-react with closely related alphaviruses within the complex. In
contrast, the E2 glycoprotein appeared virus-type specific and induced neutralizing antibody,
although it was poorly immunogenie in its isolated form. We initially felt all virus-type specific
determinants were contained on the isolated E2 glycoprotein component of SIN virus.

A rather lengthy series of experiments attempting to isolate SIN specific antigen on a
cleaved fragment of the E2 glycoprotein was uniformly unsuceessful. Obviously, either the
antigenic determinant in question encompassed a major portion of the glycoprotein molecule or
the procedures employed were too harsh to allow conservation of the appropriate antigenic
configuration. These negative results prompted a re-evaluation of our approach te the problem.

The detailed characterization of the flavivirus genome and the biochemistry of flavivirus
replication have been insufficiently deseribed, even though many viruses of this group are
responsible for severe diseases of epidemic proportions. The primary objsctive of this research
is to characterize flavivirus RNA (of dengue viruses in particular) far the purposes of: 1)
applying the techniques of viral RNA anslyses in order to study the epidemiology of dengue
(DEN) virus outbreaks, allowing more precise identification of different geographic isolates and
monitoring genomic changes associated with time and natural spread; 2) using oligonucleotide
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fingerprint mapping of the genome to detect markers and monitor stable genetic changes
in the generation of live attenuated vaccine viruses, to characterize viruses isolated
from vaceine volunteers and to address the question of reversion. Do attenuated viruses
revert genetically to the original genotype of wild-type virus, or do further changes
oceur in the genome of attenuated viruses which may result in wild-type phenotypic
expression?; and, 3) deseribing RNA isolated from DEN-infected cells in order to asses
their role in virus replication.

Phleboviruses of the famiiy Bunyaviridae contain numerous human and animal
pathogens most notable of which is Rift Valley Fever (RVF) virus. The antigenic analysis
of this virus, closely related virus members of the phlebovirus genus and isolated and
characterized components of these virions remains the major objectives of this
research. These studies assume even greater importance as supporting research for
investigations directed toward producing RVF virus immunogens using recombinant DNA
technology (gene cloning). It is incumbent upon these investigations to describe the basic
molecular characteristics of the components of the virion, isolate, concentrate and
purify the nueleic acid segment(s) containing the gene(s) for important immunogenie
protein(s) as well as describe, isolate and characterize the antigens necessary for
induecing those protective antibodies responsible for protection in the immunized host.
The requirements described necessitate that this research be multi-faceted and aimed at
a basie molecular characterization of the virus, its chemical constituents and antigenic
components.

A. Alphaviruses. Monoclonal antibodies to SIN virus have been prepared using
classical lymphoeyte hybridoma procedures. All lymphoeytes originated from Balb/e
mice immunized with intact infectious SIN virus. The number of separate hybridomas
producing antibody to this virus is currently in the hundreds; however, less than 50 have
been characterized. Monoclonal antibodies have been isolated that are specifie for
nucleocapsid, E1 glycoprotein or E2 glycoprotein, but antibodies equally reactive with
more than a single structural virion component have not been detected. All antibodies
examined to date react in radioimmune asseys (RIA) and indirect fluorescent antibody
(IFA) assays and certain of these are also reactive by CF, HI and/or neutralization.
Isotype analysis is incomplete, consequently we cannot evaluate the role of isotype in any
given antibody’s ability to react in a given serological test.

Monoclonal antibodies to SIN nucleocapsid failed to react with intact virions and
were incapable of inhibiting HA or neutralizing infeetivity. In contrast to our previous
assumptions that nucleccapsid eonstituted the group-reactive antigen common to all
alhpaviruses, 3 anti-nuclececapsid monoclonal antibodies appeared virus specifie, i.e.,
failed to react with isolated nucleocapsids from WEE or EEE viruses. These data clearly
suggest further analysis of nucleocapsid virus-speecific determinants and their
relationship to virus specific determinants expressed on the surface of intact virions.

Monoclonal antibodies to the El glycoprotein were the most frequent of the
specificities observed. Most (but not all) inhibited SIN virus HA and again most (but not
all) eross-reacted with WEE virus antigen. None of the 43 anti-E1 antibodies neutralized
SIN virus and although it could be argued that low-level neutralizing activity might not
be detected in hybridoma supernatants, more than 20 of these hybridomas have raised
high-titered ascitie fluids in mice and are still neutralization-negative. None of thesa
antibodies reacted in CF tests. It should be emphasized that in addition to the expedted
cross-reactions with the SIN-WEE complex, monoclonal antibodies with anti-El
specificity were found that reacted only with SIN virus {not WEE or EEE) and one
preparetion reacted equally with all 3 viruses.
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All monoclonal antibodies were sereened for neutralization of SIN virus and only 7
preparations were positive. All ware specific for the E2 glycoprotein. Of a total of 29 anti-E2
hybridemas examined, all produced virus-specific antibody with the possible exeeption of 2 that
exhibited an extremely low level RIA cross-reaction with WEE virus. These data support our
basic concept that a SIN virus type-specifie determinant resides on the E2 glycoprotein and it is
this virion constituent that is responsible for the induction of neutralizing antibodies.

We have recently extended our characterization of these monoclonal antibedies with the
collaborative assistance of Drs. G. Cole and A. Schmaljohn, University of Maryland, Baltimore,
These investigators examined the ability of individual SIN monoeclonal antibodies to protect
adult mice against a lethal, intracerebral (IC) inoculation of neuroadapted SIN virus, The
AR339 strain of this virus used in the prparation of the lymphocyte hybridomas will not kill
adult mice by the IC route. A single 0.1-ml dose of certain monoclonal antibody-containing
ascitic fluids clearly protected mice from 1000 LDgg of the neurovirulent SIN virus
administered 24 hrs later. Mice given a lethal dose of neurovirulent SIN virus could be
protected by subsequent administration of monoclonal antibody-containing asecitic fluids given
at 24 and 72 hrs postinjection.

The protective capacity of monoclona! ai.tibodies in the passive protection test did not
correlate directly with the demonstration of neutralizing actmty (in vitro). Although anti-E2
antibodies with high titered neutralizing activity protected mlce, many anti-E1 monoclonal
antibody preparatxons with no evidence of neutrahzmg activity in vitro elearly protected mice
against the lethal challenge of neurcadapted Sindbis virus. An explanation of this phenomenon
is not available, but the mechanism of protection by

B. Flaviviruses. Virion RNA of the 4 DEN prototype scrotypes were shown to be distinet
from one another by oligonuecleotide fingerprint analyses. On an average, only 7% of the large
oligonucleotides were shared among the 4 viruses. Similar analyses were performed on different
geographic isclates of DEN-1 to determine if their oligonucleotides were u:so unique. Virion
RNA fingerprints of each of 10 DEN-1 strains were clearly unique, prototype Hawaiian (1944),
Western Pacifie (2 isolates 1974, Nauru island), Bangkok (1975), African (1968 and 1978 Nigerian
isolates), Sri Lanka (1968), Jamaican (1977 and 1981 isolates), and Carec (1977, large-plaque
isolate from the Bahamas). Fingerprints of DEN-1 isolates from the same geographic area
exhibited very little difference. The two Caribbean strains were virtually identical (85-90%
homologous spots). For purposes of this discussion: % homologous spots = the number of
coincident oligonuclectides which upon co-electrophoresis or superimposition of individual
fingerprints, formed a single "spot.” The 3 more widely separated Pacific/S.E. Asian strains
were similar (40-50% homologous) although considerably less se thain the Caribbean strain. The
Pacifie/S.E. Asian strains exhibited very Iittle relationship (15%) to both the Caribbean strains
and to the Sri Lanka strain. Surprisingly the last strain exhibited a striking resemblance
(70-80%) to Afriean isolates.

The fingerprint technique was applied to epidemiologic questions concerning the origin of
the 1977 Caribbesn epidemie, originally thought to have heen imported from Africa or Asia.
Pingerprint comparisons of the 1977 Jameican strain with both the 1978 isoiste {rom Nigeria
and tha 1968 izolate from Sri Lanka clearly demonstrated that these ruses were not identical
and that the 1977 Jamaican epidemic was probably not caused by either of these two particular
African and Asian viruses. However, the 53% homology displayed between the Jamaican and
Nigerian or Sri Lanka PEN-1 strains is striking suggesting that the Jamaican epidemic may well
have resulted from a virus introduced from the African/Asien regicn. Unfortunately, no DEN-1
isolates gre available to answer this question definitively.
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In the course of this study,we inadvertaatly discovered a very close similarity
between viruses isolatzd from 2 gecgraphically separated areas, Africa and Sri Lanka.
DEN-1 has been eademic in Africa over several decades but hus been observed in Sri
Lanka only since 1968, Since we have cbserved in all other cases that a given DEN-1
fingerprint appears to be characteristic of strains from a particular geographic ares, we
proposs that the DEN-1 virus isolated from Sri Lanka was imported to that country from
Africa or a neighboring Asian cousutry.

The DEN virus genome appears reasonably stable, at least over & period of 10
years, since the 1978 African strain of DEN-1 retained 82% of the large oligonucleotides
compared with a 1968 isolate from the same loeality. Interestingly, DEN virus isolated
from 2 different patients during the same epidemic (Nauru Island, Western Pacific)
exhibited minor but stable changes in their oligonucleotide fingerprints. Separate
geographic isolates of DEN-2 strains alzo exhibited unique fingerprint patterns. Aithough
preliminary, these results suggest that this technique might be a useful tool for flavivirus
epidemiologists.

A requirement for precise identification of vaceine markers and a basic molecular
interest in the eorrelation of a precise genotype with an avirulent phenotype prompted
the application of the RNA fingerprinting technique to the selection of DEN-2 vaceine
candidate viruses, Compatison of a viculent psrent virus (PR-PGMKS6) and a derived
vaccine virus candidate (PR-159-81) demonstrated that although the 2 fingerprints were
very similar, each contained unique oligonucleotides which represented minor changes in
their genomes. The parent 7irus had been passaged 6 times in primary African green
menkey kidney (PGMK) cefk. while che vaceine virus had been passaged an additional 13
times PGMK {P19a) and subsequently 4 times in fetal rhesus lung (FRhL) cells. Although
fingerprint changes ware evident between the 6th and 19th pessage in PGMK, it should be
noted that plaque purification and selection for & temperature sensitive (ts) phenotype
was actively pursued throughout these passages. Additional changes were evident
fellowing 4 passages in FRhL cells during which the only selective pressure applied was
the adeptaiion to grow in these cells. Interestingly, the FRhL~passaged vaceine virus
possessed no unique spots unto itself - all were Gerived either from the P13a virus or
from the parent virus.

To address the question of reversion, a large-plaque (LP) revertant {non-ts) of the
smali-plaque (SP) vaceine virus was isolated and fingerprinied. The exciting result
showed it to be identical to the vaccine virus except for a single large oligonueclaotide
located ir: the same position as an oligonucleotide chaiacteristic of the wild type (wt)
parent virus but lost during the derivation of the attenuated vacecine candidate.

Similarly, when a LP revertant of P19a material (4 passages prior tc the vaceine
virus) was isolated and fingerprinted, the result showed it to be similar to the vaccine
virus but with one very interesting exception. The single large oligornuclectide of the
vaceine virus which had shifted towards the right (to the wt parent position) in the
vaccine revertant virus, had now shifted to the left in the P19a revertant virus. It is
tempting to speculate that this oligonucleotide was in some way associataed with the
virulent or avirulent properties of these viruses. This shifting oligonucleotide is
currently undergoing RNA sequence anglysis to deduce the molecular changes involved in
its evolution, in the hope that these sequences can be mapped to the virus genome and
the protein for which it codes.

Virus isolated from a viremic human vacecine volunteer was similary analyzed.
Fingerprints of this isolate showed that although it was missing 2 oligonucieotide spots
peesent in the vaccine virus, there were no spots characteristic of the parent wild-type
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virus. However, in the fingerprint of the virus isolated from the viremia, the particular shifting
oligonucleotide inentioned previously appeared in the same position as that of the P19a
revertant virus.

Similar studies were performed on certain DEN~1 Western Pacific virus passages
genersted during the production of a candidate vareine virus, As with the DEN-2 isolates, we
were able to demonstrate stable oligonucleotide pattern differences among parent and
spontaneous ts SP vaccine virus candidates. However, a SP, ts mutant obtained from high level
mutagenesis failed to exhibit any oligonucleotide changes from the parent virus. Therefore, it
appears that the oligonucleotide mapping technigue could become a very useful tool for
detecting certain "marker" oligonueleotides, i.e., those of attenuated or revertant viruses, but
its application is somewhat restricted as illustrated by our failure to detect differences in the
mutagenized virus.

Density gradient purification of virions released from DEN-infected A. albopictus C6/36
or Vero cells readily resolved 3 optically defined bands. In addition to a purilfied virion band, a
less dense band resembling the slow sedimenting hemagglutinin (SHA) band could be clearly
resolved from a band located at the interface of the sample and the gradient. Different species
of RNA were detected in these bands upon extraction and subsequent polyacrylamide gel
electrophoresis. An RNA of approximately 1-2S was found in the interface band, both 8-108
RNA and 428 vRNA were associated with the SHA band, and, as expected, relatively pure 428
vRNA was obtained from purified virions. Neither of the small RNAs (1-2S and 8-10S)
co-migrated with cellular tRNA peaks suggesting that these were not cellular tRNA.
Fingerprints of these small RNAs invariably cisplayed a very obvious heavy trail near the origin
in the cytidine/adenine-rich region of the autoradiogreph in comparison to a very light trail in
this region from fingerprints of comparable extraceilular material isclated from mock-infected
cells. This trail was found not to be DNA, dsRNA, poly(4) or poly (U) segments. Treatment
with pancreatie ribontclease (RNase) clearly solubilized this RNA, suggesting a poly(C)
composition, perhaps similar to that found in picornavirus RNA. Fingerprints of the 1-2S and
8-10S RNA showed them tc contain oligonueleotide patterns which differed both from each
other and from the 1-28 interface RNA released from mock-infected cells. These small RNA
appeared to be virus-specific as indicated by the observations that either the 1-2S or 8-10S RNA
derived from the same virus strain {(perent and vaceine) displayed almost identical patterns,
while small RNA isolated from DEN-1 or DEN-2 prototype viruses or from different strains of
the same scrotvpe virus displayed unique patterns. We have not been able to correlate the
oligonua:ieotide patterns of the small RNA with the virion 428 RNA simply because the small
oligonucleciides of the viral RNA are not sufficiently separated in this region. We hope tn
firmly establish the origin of the small RNA (viral or cellular) and to determine the role they
play, if any, in DEN virus replication (i.e., primer, leader, cleavage products, ete.).

Studies with Japanese encephalitis virus (JE) have been concerned with investigating the
replication strategy of flaviviruses. Current data suggest that flavivirus virions possess & single
species of messenger sense RNA (408) capable of coding for both structural and non-structural
virus proteins. Other than a doubl--stranded replicative intermediate version of the 40S RNA
which sediments at 228, no other intracellular virus-specific RNA have been reported. We
routinely observe two additional RNA species in actinomyein-D-treated JE virus infected cells
which are not found ih uninfected control cells.

Presentation:
Dalrymplg, J., G. Cole, P. Jaarling, E. Johnson and S. Harrison. Antigenie determinants

of the Alphavirus- Sindbis. Presented, 5th Int. Congr. Virol., Strasbourg, France, 2-7 Aug 1981
{Abstract, w42/02, p. 380, 1981).
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BODY OF REPORT

Project No, 3M161102BS10: Military Disease, Injury and Health Hazards (U)

Work Uait No. S10 AQ 197: Enhancement of host defense against agents
of potential BW importance

Background:

A number of the high-hazerd diseases of BW potential do not have
agent—specific vaccines or therapeutic treatment to provide effective
protection to individuals exposed to these infectious agents. To provide
some medical defense against these infectious diseases, USAMRIID has
been involved in elucidating the pathophysiology and use of general
supporting therapy in the treatment of these highly hazardous diseases,
One of the universal effects of infectious disease is & marked catabolic
response which is characterized by anorexia, increased energy expenditure,
weight loss, and protein wasting. Therefore, it was rationalized that
nutrient s:pportive therapy could reverse this catabolic response and
enhance host defense mechanisms sgainst infectious disease.

From threat analysis study by U.S. Army Medical Intelligence Agency,
it has been determined that certain of the small nonprotein toxins are
potential BW agents., To help in the development of medical defense
sgainst these toxins, it was necessary to develop a program for safe
handling aud decontamination; rapid detection and identification;
determination of molecular mechanism of action; elucidate the patho~
genesis and physiological aberrations; development of methods of
prevention, disgnosis and therapy; and evaluate potential aerosol threat
from these small nomprotein toxins of BW importance. The following
actions have been undertaken by the Department of Pathophysiology and

Therapeutics of the Physical Sciences Division to develop this
program:

The work unit title will be changed to "Pathophysiology of
toxemias/diseases due to marine or fungal toxins or microbes of potential
BW importance."

A plan forx a research task on study of nonprotein toxins of
potential biological warfare importance has been developed and submitted
for review.

A dozen or more small nonprotein biological toxins could be of
potential BW importance. Because of limitstions in persomnel and
resources, priorities had to be developed which were based on a number
of factors including threat essessment; availability of toxin-antitoxin;
of toxin antitoxin, and assay; contract program success; dangers to
research personnel; and uniqueness of the study. Based on these
criteria, it was decided to carry out initisl studies on T~2 mycotoxin
and marine toxine - saxitoxin and tetrodotoxin., The expertise and
techniques developed with these toxins will be of extreme value in
future studies on other small nomprotein toxins of BW importance.

-
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Progrees:

“Therapeutic reversal and abnormal host amino acid, protein, and RNA
metabolism during infectious disease of unique military importance."
(R. ¥W. Wannemacher, Jr.)

In a recent workshop on "Nutriticnal supports of the patient:
Rasearch direction for the 80's" at the National Institutes of Health,

. Dra, Wilmore and Kinney (1) stressed the need for nutrient support in
patients with life-threstening infection and who had lost 10% of their
body weight. These experts also emphasized the importance of development
of support therapy that would optimally stimulate host defense against
infectious disease., It was also recommended that research on nutritional
support in infections requires investigation in both animals and man.

An important factor in developing a rational approach to nutritional
supportive therapy in infected individual is a knowledge of the effect
of various nutrieats om protein dyaamics im various cells and tissues
of the dody.

Previous progress reports (2) had suggested that infusion of amino
acids and high dextrose (852 of the calories) solutions during infectious
disesase in monkeys which caused mild hepatic damage resulted in an
increased incidence of glucose intolerance, insulin resistance,
thrombosis and death. These complications were observed in 2 normally
rvonlethal infections, namely the Asibi strain of yellow fever (YF) in
the African green monkey and the LVS strain of Francigella tula-
rensis in the cynomolgus monkey. Previous studies demonstrated that
infugion of 8% dextrose plus a 48% branched-chain amino acid (BCAA)
soluticn was highly effective in preventing protein wasting during
gram-positive o -negative infections in the cynomolgus monkey.
Therefore, this combination of low dextrose and high BCAA mixture was
studied in both YF and F. tularenmsis infectioms in the monkey. With
this nutrient support regimen, protein wasting was prevented in both
infectious diseases. Further, the monkeys did not develop glucose
intolerance, insulin resistance or thrombosis. Lethality was similar to
that observed in monkeys infused with electrolyte solution and fed
orally. These results support the conclusion that high dextrose
infusion during infections which cause mild hepatic damage should be
done with extreme care, if at all,

It has been demonstrated that the infected rat has a reduced capacity
to convert long-chsin facty acids (LCFA) into ketomes {3). Thie results
in a slightly reduced efficiency in utilization of long-chain triglycerides
as energy substrate by the septir host. In addition, there is 8 reduced
clearance of these triglycerides in the septic host and a temndency to
develop marked hypoglycemis. Thus, we have been interested in trying
to find a caloric substrate which could be converted to ketones and thus
spare requirements for glucose in the septic host. In attempts to look
at othe: caloric substrates we have evaluated IV infusion of
butanediol, which does not have to enter the pathway of beta-oxidation
to produce ketopes., When infused as a 3 or 6% solution along with the
48% branched-chaia mixture, this compound had a hypnotic effect on the
monkey, which proved to be letkal., While butanediol can be fed at a
concentration of 20% in all diets, it cannot be utilized in IV
infusione, Monoglyceride of acetylaceto acid is another energy substrate
in which the acetoacetic acid is oxidized independently of the carnitine
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transport into the cell mitochondria and its momoglyceride is a water-
soluble compound. When substituted isocalorically for dextrose and
infused along with 48% BCAA, monoacetoacetin was well tolerated by

by the septic monkey and as effective in preventing protein

wasting during pneumococcal sepsis as isocaloric amounts of long-
chain triglycerides or dextrose. Since monoacetin is water-soluble

and has a high caloric deqeitﬂ, it may prove to be a good alter-
native energy substitute in the place of dextrcse. The FA of

medium-chain triglycerides can enter the mitochoudria via a
carnitine-independent mechanism. When triglycerides which contain
32-80% medium-chain FA were infused along with 48X BCAA in comtrol
and septic monkeys, it proved to be a highly toxic solution

and was not very ketogenic. Thus, these data suggest that
medium-chain triglycerides are not an effective enexrgy substrate
when given by IV infusion.

In order to study the effects of infection in nutrient support
therapy on the protein dynamics of various cells of the host, a model
was developed which entailed the constant infusion of [l4C]leucine for
6 hr. By this time period, the specific activity of the leucine and
the protein~free filtrate of the plasma had reached a platesu,
indicative of ccmstant precursor pool size. Infusion of an 82 dextrose
sclution significantly reduced leucine turnover and release from the
breakdown of total body protein as compared to the infusion of 4.25%
of amino acids. The presence of infection increased the rate of leucine
turnover and breakdown of total body protein. As with nitrogen balance,
these results told very little as to what is happening in the various
tigsue compsrtments in the body. IV infusion of dextrose signi-
ficantly decreased the fractioncl rate of synthesis and amount of
mixed plasma proteins synthesize compared to the amino acid group.

The presence of pneumococcal sepsis increased the synthesis of mixed
mixed proteins as compared to the noninfected controls, When the
monkeys were infused with amino scids, the rate of synthesis of plasma
albumin was significantly increased compared to dextrose alone or with
amino acid infusion. This resulted in a significantly greater amount of
plasma albumin in the monkeys infused with amino acids compared to those
receiving dextrose. While the presence of pneumococcal sepsis did not
alter the rate of albumin synthesis, the plasma albumin concentration
was decreased in all experimental groups. The fractional rate of
synthesis in mixed lymphocyte protein was significantly lower in

monkeys infused with dextrose compared to amino acids., Paeumococcal
sepsis did not significantly alter this rate of synthesis, but lymphocyte
counts were reducad in the blood of all infected groups. The stimulstion
index for lymphocytes by verying mitogens was significantly greater in
nonkeys receiving the IV smino acid compared to the infusion with
dextrose, In all groups, preumococcal sepsis markedly reduced the
stimulation produced by the various antigens. While dextrose

reduces the rate of turnover of total body protein, amino acid infusion
stimulates total plasma aibuwin, and lymphocyte synthesis as well us
lymphocyte function, suggesting that amino acid infusions are more
important stimuli of host defense mechanisme than dexirose.

Despite similar rates of albumin synthesis in both control and infected
monkeys, plasma albumin concentrations were significantly reduced in

a septic group. These results suggest that the major effect of

dietsry comstituents is on the synthesis of plasma albumin, while
infectious disease or trauma appear to have stimulated breakdown of this
plasma protein.




In attempting to understand the xmechanism by which infectious
disease is able to alter protein dynawics in various cells of the bedy,
body, a crude extract of a hormone~like substance which is released
from stimulated PMN, so-called "LEM," was infused for 24 hr in the rat,
During the last 6 hr of the infusion the rats received a constant amount
of [14C]tyrosine, Whole- body turnover of tyrosine was increased in the

rate infused with LEM, but not in those given the heat-inactivated )
product. Breakdown o} skeletal muscle protein was glightly increased in

LEM~treated rats, while synthesis of liver and plasma proteins was
elevated. This is suggested evidence that LEM may play a regulatory
role in stimulating the altered protein metabolism in the infected host.

A new research plan is being developed which would change the title
of this Research Unit to "Development ané characterization of guinea pig
end monkey models to study toxicity, prophylaxis, and treatment of
intoxications with small nomprotein toxins of potential BW importance."

Before initiating any studies on small nonprotein toxins, it is

necessary to develop safe handling and decontamination procedures. a
careful review of the literature and queries to some of the leading
experts in the area of mycotoxin and marine toxin research did not
provide the necessary procedures, Thus, it was necessary to establish
our own criteria for safe handling and decontamination for each of the
small nonprotein toxins studied at USAMRIID. A mouse bioassay has been
developed to measure procedures for decontamination of T-2 toxin,
tetrodotoxin, and saxitoxin, A skin test biocassay in young rats and
guinea pigs has been developed to measure decontamination of the skin
irritability of T-2 toxin. A 30-min contact with 0.01% sodium
hypochlorite solution inactivates at least 99.9% of tetrodotoxin,
A 30-unin contsact with 2,6% sodium hypochlorite sclution oxr 16 hr with
0.0% sodium hypochlorite solution decontaminates T-2 toxin. Based on
these observations, an SOP was developed for safe handling, decontami-
nation, and disposal of waste from the small nonprotein toxiuns.

"Therapeutic correction of energy metabolism alterations during
infections of unique importance in military medicine," (E. A. Neufeld)

Over the past 6 years, it has been established that most infectious
diseases in the rat result in a curtailment of normal fasting ketonemia
(4, 5). Since ketones can replace glucose a8 an energy substrate for
cells such as those in the brain and muscle, the inhibitiocn of
starvation ketonemia coupled with anorexia means that the infected
host must utilize glucose as its major energy substrate. To meet its
elevated energy requirements, the infected host must break down body
protein and utilize amino acids for the synthesis of glucose. Thus,
the inhibition of development of fasting ketonemia in the infected host
contributes to the protein-wasting associated with this disease.

There appears to be a possible endocrine imbalance which is responsibis
for the inability of the infected host to develop starvation ketosis
(6). Therefore, a program has been initisted to evaluate the use of
hormonal therapy to stimulate the ketogenic response im the septic host.
Hormones from the thyroid, adrenals, and gonads did not alter ketosis
in the infected rat. Currently, some of the pituitary hormones are
being evaluated as potential regulators of the ketogenic respomse in
the fasted-infected vat. When pharmacological doses of adremal

129

e a0




o arm G e M . T M m - m I M AC A W W T i, . e B m ML AL TaTmaTeT e & e &S

corticotrophic hormone (ACTH) were administered to fed, fasted and
fasted-infected rats, it stimulated & significant increase in plasma
ketene bodies and free fatty acids. These observations suggest

that some of the pituitary hormones may play a role in regulating rates
of ketosis in the rat,

A major shift has been made in the research efforts of this research
unit, Puture studies will be involved in the development and character-
ization of rat and guinea pig models to study toxicity, prophylaxis
and treatment of intoxication with the small nonprotein toxins of
potential BW importance. A new research plan ie being formulated and
work has been initiated to study toxicity of T-2 toxin in Fischer-
Dunning rats. LD50 values have been determined for T-2 toxin when
administered by the IP, IM, or 8C route., The LD50 was approximately
0.5 mg/kg body wt when the toxin was given by the IM or SC route, but
was approximately 2 mg/kg body wt when given IP. Depending on the
administered dose, all rats died between 10 and 20 hr after inocula-

10 and 20 hr after inoculation, Clinical signs included diarrhea,
lethargy, and bloody stools., In those rats that survived the higher
doses, anorexia was observed for from 4-7 days after inoculation
Histopathologic examination of those rats which died revealed

acute and severe necrosis of both the large and small intestine,
extensive necrosis of lymph tissue, spleen, and Peyer's patches, marked
inflammstion of the parotid salivary glands, inflammation of the seminal
vesicles, and severe congestion of spleen and adrenals. These observa-
tions stress the marked radicmimetic effects of T-2 toxin. This is the
first systematic study of the measure of toxicity of T-2 toxin by
various routes of administration. The differences observed between

the IM and SC routes compared to IP? injection stress the r2ed for
understanding rates of clearance detoxificatioun of administered T-2
toxin,

"Regulation and involvement of acute-phase proteins in infections of
biological importance." (W. L. Thompson)

During most infectious disease, there is an increase in the
concentration of certain serum proteins, termed "acute-phase proteins,"
which is presumably related to a stimslstion of synthesis of these
proteins by the liver (7, 8). Although several of the acute-phase
proteins have been implicated in such processes as antiproteolytic
activity, wound handling, protection of hemoglobin, transport of metal
ions, and regulation of immupe response (9), very little is knowm sbout
the specific involvement of each of these proteins or how they fit in
the overall host respomse to infection. 1Inr order to conduct these
studies it is necessary to isolate various acute-phase proteins from
the serum of rats, Sufficient quantities of alpha~l- and alpha-2-
macroglobulins, haptoglobin, and alpha-l-glycoprotein have been ienlated,
purified, and characterized. Alpha~l-glycoprotein has not besen previously
identified in the serum of the rat. Within 48 hr of exposure to
Streptococcus pneumonise infection, serum concentration of this proteln
is increased 10-fold. Thus, this is & new acute-phase protein that
has been purified and characterized. Antibodies have been developed
in the rabbit against sll of the above cited acute-phase proteine as
well as slbumin, a non-acute~phase protein. An isolated rat spleen
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cell procedure has been utilized to evaluate the effect of the acute-
phase proteins on mitogen and antigen stimulation of lymphocyte
transformation, Heat-treated (56 C for 30 min) rat serum is required
for the lymphocyte stimulation., Heat-treated serum from inflamed
trested serum from inflamed or fed rats was inhibitory when compared
to serum from fasted controls. In general, alpha-l-globulin enbanced
antigen and mitogen stimulation of the spleen cell lymphocytes. These
results support the concept that some of the acute-~phase proteins can
play a role in regulation of immune response of the host.

This research unit is being phased out and a new one is
being developed to study cytotoxicity, detection, and mechanism of
action of small nonprotein toxins of BW importance., These in vitro
systems will also be utilized to evaluate potential procedure for
protection and treatment of intoxication with the small nonprotein
toxins.

"Production and use of endogenous pyrogen (EP) antibodies in early
detection of infections of military importance.” (W. Critz)

EP is a low MW protein released from phagocytic celle which is
in part respomsible for the fever observed in most bacterial and
viral infections. It has not been possible to separate the EP com-
ponents from the other so-called "LEM" properties of the crude extract
relesased by phagocytic cells. A sensitive intracerebroventriculr«
assay has been developed for the detection of EP. Varying procedures
have been employed to try and purify EP in order to develop specific
antibodies and an immunoassay. Because of the low concentration of
a highly biologically active meterial in the crude extract, attempts at
purification and characterizatioa of & single protein of EP have not
been successful here or in other laborstories working on this problem.
While detection of EP could possibly identify the presence of an in-
fectious disease aund could play a role in understsnding the pathogenesis
of fever, the difficulty of purification and development of s sensitive
immunoassay has severely reduced its use as a research tool in infec-
tious disease, Since CPT Critz has been transferred from the institute
this research unit is terminated.

"Effects of infection ob muscle enzymes in relatiom to physical
training." (H. A, Neufeld and D. J. Crawford)

While there is a great desl known about the physical capacities of
healthy men, very little is konown about their capacities when ill.
Present studies were designed to determine the effects of ascute and
continuing exercise on the metabolic and immunological response to
lethal bacterial and viral diseases of BW potential. Swimming and wheel
exercise in the rat were utilized to answer the following questions:
(a) Does infection alter performance capacity and what are ‘he
effects of training on these infection-induced changes? (b) Since
infectious illness is often associated with myalgia, negative nitrogen
balance, breakdown of muscle protein and generalized malaise, how does
alteration in energy metabolism relate to epergy infection-induced
changes? (c¢) What effect does acute exercise and preconditioning prior
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to, during, and after inoculation with a lethal dose of bacteria have

on dose-related mortality and during what stage+ of an illness is
exercise beneficial or detrimental? and (d} Does acute exercise or
conditioning alter host immune responses and does training reduce or
increase en individuel's susceptibility to disease?

Bacterial infection during endurance training in rats reduced the
running performance and altered metabolic respomse to both stresses,

Submaximal exercise during acute bacterial infectiors increased disease~
related mortality, while preinoculation exercise reduced susceptibility
to lethal challenge. Acute exercise was immunosuppressive as measured
by reduced epleen weights, impaired mitogenic-antigenic dependent
lymphocyte stimulation, impaired endogenous PMN chemiluminescence and
reduced microsgglutination antibody titers in immune rats. Prior
conditioning did alter the rats' response to acute running exercise,
but did not change infection-related responses or alter susceptibility
to lethal challenge. From these observations it was concluded that
physical fitnees estsblished by endurance training does not enhance
immunologicsl resistance against infection and, at times, may render
conditioned individuals more susceptible.

While these studies do raise some important questions as to the
effect of exercise on the immune response of the host, it has been
decided to temporarily terminate this research unit, since CPT Crawford
has left the Army. If another military exercise physiologist should join
the staff, the research unit may be restructured to involve studies on
effect of exercise in animals intoxicated with small uonprotein
toxiud.

"Growth hormone and imfection.” (D. L. Bunner)

Both growth hormone (GH) and insulin are major anabolic hormones, which
undergo considereble changes in effectiveness and production during
infection. It appears that both GH and insulin are elevated in most
serious infections; in spite of this, there is a considerable loes of
body nitrogen., The actual triggering mechanism for nitrogen losses is
not well understood nor have clear cut causes for elevation of GH and
insulin been determined. A number of mechanisms have been proposed
including fever, elevated adrenal steroids, stress and direct cellular
injuxy. Other, perhaps more physiologcal, mechaniems have been proposed
a8 well, including the relesse of EP or an increase in the physiologic
CNS responsiveress perhaps due to alterations in the level of metabolic
fuels or in the cells. 1In order to arrive at & reasouable hypothesis to
help correct the wore basic problems of nitrogen loss, considerable
information regarding this mechsnism and its pathophysiological rela-
tionship to GH and insulin need to be determined. The major thrust of
this research unit is to try and collect sufficient information to
actually arrive at a hypothesis thep, involve direct patient therapy.
Cartainly at this point in time there is reasnn to believe that
either GH or insulin therapy er both could be of rractical benefit
in treatment of infectioue disease and some very limited studies
have been done in this regsrd. Clinical studies have been reported
documenting a favorable effect of insulin in uitrogen loss in burned
loss in burmed pstiente. It remains to be shown, however, that a more
positive nitrogen balance can be tramslated to en improved immune
response, shortened recovery time or lower mortality,
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During the illness phase of sandfly fever virus infection in 2 B

males and 3 females, marked elevations of serum GH were observed N
throughout the 24~hr period, with no increase in nocturnal release -

The actual concentrations of serum GH at night were nearly identical -

to the basal study. Glucose was elevated with no significant changes 5

in insulin values during the 24-hr study. Glucose tolerance was clearly -
abnormal, with associated hypoinsulinemia. In another study, one sub- i

ject was partially iumersed in a hot tub at 41 C for 2 hr., Body tempe- N

rature rose as expected and a prompt increase was observed in serum GH N
concentration., As soon as body temperature returned to normal, GH con~ i
centrations also fell, Although clearly more subjects are needed, it is -
suggested that the altered body temperature itself may at least play a if

very important role in regulating GH release. e

To run similar 24-hr studies in cynomolgus monkeys, a model had to
be developed which would allow for frequent repeated blood sampling,
Arterial catheters were originally utilized, but they tended to result
to result in repeated embolic phenomena. Venous catheters have not
reliable for repeated sampling over time. Recently, it has been
possible to successfully catheterize the right atrium by way of the
jugular vein and consequently eliminate the problem of sample relisbility.
Approximately 32 monkeys have been studied using this method, and 31
of them were sampled successfully. There was no mortality and no sig-
nificant catheter infection. Using this model in cynomolgus monkeys
it was possible to demonstrate a periodic release of GH by day and
night with no significant increase st sleep omset., EEG monitoring
was not done. This response in the monkey is quite different from
that observed in man. After endotoxin challenge in cynomolgus monkeys,
serum GH concentrations are elevated and hyperglycemia develops, with
a suggestion of a mild increase in insulin concentration. F. tula-
rensis was also studied, but less successfully in the seunse that the
monkeys did not seem to be predictably and reliably ill in sufficient
degree to csuse any substantial alteration in either plasma GH, glucose
or insulin.

A chronically catheterized rat model has been developed which
demonstrated normal pulsatile release of GH which occurred
approximately every 2 hr. Following endotoxin treatment, the basal
GH concentrations dropped to near 0 and the pulsations stopped abruptly.
The rat has ulso been utilized to demomstrate the in vitro role of
insulin in inducing RNA synthesis in the liver.
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"Metabolic alterations in fatty acid metabolism during infection
wilitary importance." (J. G. Pace)

e
PR

Livers from infected rats have a decreased ketogenic capacity
associated with an accumulation of carnitine and a decrease in CoA -
fatty scyl esters (3)., During infection more LCFA are directed away X
from oxidative pathways and ketogenesis towards esterification. The
infection-related decrease in ketogenesis is due to changes in the
activities of enzymes involved in hepatic LCFA metabolism. Pre-
vious studies have shown that activation of LCFA is unchanged during
infection while alpha-glycerol phosphate acyltransferase activity .
increases and carnitine palmityltransferase activity decreases (10). wf
These findings suggest an increased triglyceride formation and :
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possible increased activity of enzymes regulating FA synthesis,
Since FA-activating enzymes, citrate cleavage enzyme, citrate
enzymes, FA synthetase, citrate cleavage enzyme, citrate
synthetase are key enzymes involved with metabolism of FA, their
activitiese were measured in livers from rats infected with
S. pneumoniae. Citrate cleavage enzyme and citrate synthetase were
only slightly elevated during infection compared to fasted controls.
However, in otbher experiments performed earlier (10), the products of
citrate cleavage enzyme reaction (oxalocetate and acetyl-CoA) increased,
suggesting an elevated enzyme activity. Malonyl-CoA concentration
did not increase in the fasted-infected rats compared to fasted con-
trols (3). This may be due to an increase in both the acefyl-CoA
carboxylase activity and fatty acid synthetasz activity. Changes in
the enzymes involved in fatty acid metabolism may result in reduced
production of ketone bodies in the fasted rat during pneumococcal
infection. A shuttling of acetyl-Coi into cytosol might explain the
reduced rate of ketogenesis. This necessary energy-yielding fuel, in
the form of FA,is directed awsy from oxidative pathways and keto—
genesis towards pathways designed for the synthesis and storage of fat

This may be considered a FA futile cycle in the liver of the infected
rat.,

The research on FA metabolism has essentially been completed and a
new research plan is being developed to investigate the absorption,
distribution, elimination, and detoxification of the small nonprotein
toxins in appropriate in vive and in yitro models. Studies will be
initisted to elucidate the biochemical mechanisms of toxicity of these
toxins. By menipulating the systems to alter the ates of toxin meta-
boli.a and toxic response, it is hoped to evaluate potential thera-
peutic sgents against such intoxications. Ian an effort to understand
the biochemical usture of toxic response, preliminary studies have been
initiated on the effects of T-2 mycotoxin on hepatic mitochondrial
respiration, It was found that 2.2 mM T-2 toxin inhibited state 3
respirstion by 40 when succinate or pyruvate plus malate was used as a
substrate in this mitochondrial system, These findings suggest that T-2
toxin may effect several mitochondrial functions, and that its toxic
effecte are due in part to its inhibition of cell respiration, Ana-
lytical methods for determinatiom of individusl mycotoxins by TLC and
GLC are being developed. To date, a TLC procedure has been developed
for separation of T-2 toxins and several of its metabolites.

"Changes in leukocyte function during the course of viral and
bacterisl studies. (J. P. McCarthy)

Circulating PMN have an ircreased endogenous chemiluminescence
{CL) activity during various bacterial infections in rat and guinea pig.
CL appears to be s relatively effective procedure for measuring func-
tionsl activity of circulating PMN., They appear to have an inhibitionm
of activity during exercise or in the preseunce of toxin from
or in the presence of toxin from Lepgionella_pneumophila and an
increaged activity iu the presence of LEM or E. coli endotoxin.
Recently it hss been possible to demenstrate feor the first time that
alteraiions in PMN CL during bacterial infections can be detected
using whole blood rather than PMN isolates. This technique may have
potential value in the rapid diagnosis and prognosis of bacterial
infections in the host. This research effort is terminated due to the
depsrture of Dr, McCarthy.
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"Evaluation of hemostatic derangement in infectious disease of i |
military importance." (T. M. Cosgriff) -
There is very little information concerning the mechanisms which tf
lead to hemorrhage in the hemorrhagic viral fevers, which are of -
potential BW importance. In order to study the mechanisms of actions =
that lead the hemoxrhagic state in these viral infections, a model of 4
Pichinde viral infection in strain 13 guinea pigs has been developed =
for use in these studies., In addition, techniques have been developed .
for the determination of tissue factors elaborated by mononuclear -
cells which could stimulate hemostatic abnormalities associated with o
infectious disease. o
-
!
In collaboration with the Department of Antiviral Therapy, Virology -
Division, studies were completed on the hematopoietic effects of the
antiviral drug, ribavirinm, in rhesus monkeys. Previous studies in
experimental animals and human volunteers has demonstrated a dose- R
dependent anemis with ribavirin treatment. Therefore, studies were -
initiated to characterize the anemia that develops in monkeys treated 4

witb ribavirin, In these experiments, ribavirin produced dore-related
hematologic toxicity characterized by normochromic, normocyti., hypopro-
liferative zunemia. Ribavirin treatment in the monkey is also associated
with thrombostasis, which is also dcse-dependent and appears to be due
at least in part, to megakaryocyte hyperplasia. Ribavirin did not have =
an effect on WBC numbers nor did it significsnily alter platelet func~- Eﬂ

Cele e e

tion. RBC survivel studies indicate that the anemia produced by riba-
virin treatment is due, in part, to increased RBC destruction, as

well as decreased production. This increased destruction is pro-—
bably extvacellular. The hematologic changes which occur with short-
term adminictrstion of ribavirin in monkey appear to be reversible

but reduced marrow cellularity was still observed 65 days after F’
stopping ribavirin treatment. This suggests a possible long-temn :
toxicity associated with the ribavirin-induced snemia. 9;
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BODY OF REPORT

Project No. 3A166101A91C: In-House Laboratory Independent Research (U)

Work Unit No. 91C 00 131: Role of Macrophage Proliferation and Activation in the
Control of Viral Infections

Background :

The critical role of the macrophage in natural and acquired resistance to
viruses is well recognized (1). This important role is supported by observations
that the genetic and age-dependent resistance or sensitivity of animals, as well as
the relative virulence of viral strains such as the arenavirus, lymphocytic chorio-
meningitis (LCM) (2), correlates with the ability of macrophages to replicate
viruses in vitro. Furthermore, agen:s which stimulate or impair macrophage
function can enhance or decrease resistance to experimentsl virus infections [e.g.,
Semliki Forest virus (3, 4)}. In addition, some agents such as the arenaviruses,
display a tropism for the host's macrophages {5, 6).

The macrophage as part of the reticuloendothelial system is often the first ’
cell encounterad by a virus. As such it is the prime effector cell in the
nonspecific phase of host resistance. During the development of cell-mediated
immunity (CMI) to intracellular pathogens, the macrophage, under the influence of
the T lymphocyte, is stimulated to proliferate and to become activated (i.e.,
possess enhanced microbicidal activity) a3 shown in the classic experiments of
Mackaness. Thus, during the course of a virus infection, there are more macrophages !
available to resist the virus. Whether the individual wetabolically activated
macrophage is better able to restrict the infection has not been determined. It is
clear though that the macrophage is one of vhe important effector cells in CMI to
viruses. Understanding of the interaction between virus and macrophage, the
virulence mechanisms of the virus which impair resistance, and the determinants for
control of infection by the macrophage will eventually enable us to modulate !
macrophage function usfng natural or synthetic products to enhance resistance to :
infections in man. ;

Progress:

Inhibition of Macrophage Proliferation by Pichiunde. 1n our study of the :
interaction of viruses with macrophages we have concentrated our efforts on the
arenavirus Pichinde (PIC) and our original observation that infection with this
wvirus In vitro blocks macrophage proliferation. This may be of particular patho-
genle signifi-ance since other Pichinde-like arenaviruses have a predilection for
the reticuloendothelial systenm.

Mouse peritoneal macrophages elicited with starch were cultivated in vitro and
infected with PIC virus. A: various times, L-cell conditioned medium containing
wagrophage growth fac*or (MGF) was added along with [3H) thymidine and DNA
synthesis measured. Prior infection with P1C caused a dramatic inhibicion of the
DNA syathesis which occurs in macrophages exposed to MGF. The effect was dependent
upon the dese of virus and che duration of infection before exposure to MGF. In
various experimenis, PIC at an MOI of 1-5 caused a 50-95Z inhibition of DNA
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synthesis. Controls consisting of mock infected medium and heat-killed PIC

showed no inhibitory effect demonstrating that viable PIC is necessary for
inhibition to occur, In the next series of experiments we demonstrated that
pre-incubation of PIC with immune, but not normal monkey serum, completely blocked
the inhibition of DNA synthesis, showing the specificity of the inmhibitory effect
(Table I). Inhibition of macrophage DNA synthesis was observed with 4 different
viral pools.

TABLE I. INHIBITION OF MACROPHAGE DNA SYNTHESIS BY PICHINDE VIRUS®

MGF % DNA SYNTHESIS
Alcne 100
PIC (MOTI 0.01) 40
PIC (MOT 5) 15
mock medium 100
heated PIC (MOI 5) 100
PIC + immune monkey serum 100
PIC + normal monkey serum 30

a compilation of data fror several experiments. DNA synthesis 1nduced

by MGF alone in the absence of infection varied from 8,000 - 15,000 [ Hj
thymidine cpr incorporat:d/cover slip in various experiments. This has
been set at 100% in the different experimenrs for comparative purposes.

We ther showed that the inhibitjon was not due to simple toxicity of T'IC for
the macrophage. Cell survival of unstimulated macrophages as measured by adherence
and viability was unaffected by infection with PIC 6 days earlier (controls:

54 + 2 cells/microscopic field; > 95% viable vs. PIC: 53 + 1 cells/microscopic
field; > 95% viable). In addition, there was no cytopathic effect of the virus
observahle by phase microscopy. This is similar to what 1s reported for LCM ip
mouse macrophages (7). It shculd be notea, however, that the insreases in cell
size, number and spreading induced in unstimulated macrophages by MGF is abrogated
by iufection with PIC. To eliminate the possibility that the observed inhibition
was due to changes in transport or peol size of nucleic acid precursors, we
weasured DNA using a spectrofluorometric assay. By this method it was also shown
that P1C blocked macrophage DNA synthesis (lable 1I) confirming the results with
(4] thymidine incorporation.

There is evidence that prostaglandins and perhaps interferon secreted by
macrophages may function as a negative feedback control mechanism to inhibit the
proliferation of macrophages (8). For this reason we determined whether the
inhibition by PIC was due to release of inhibitory substances by the macrophages.
Hacrophszes were cultivated in the presence of indomethacin to inhibit their
synthesis of prostaglandins. They were then infected with PIC followed by
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TABLE II. INHIBITION OF MACROPHAGE DNA SYNTHESIS BY PIC INFECTION

CULTURE CONDITION PIC INFECTION ug DNA/dish + SE (n = 3)
Control medium - 1.88 + 0.03

MGF ~ 7.50 + 0.23*

MGF + 2.22 + 0.02"

*p < 0.001.

stimulation with MGF. Indomethacin at concentrationms of 10-7 to iO—4 M did not
eliminate the inhibition produced by PIC infection. The indomethacin by itself
had no affect on DNA synthesis (Table III, data are only shown for 1074

indomethacin). Thus prostaglandins do not appear to be involved in the inhibition
produced by PIC infection.

TABLE III. EFFECT OF INDOMETHACIN ON PIC INHIBITION OF MACROPHAGE DNA SYNTHESIS

MGF DNA SYNTHESIS
([3H] thymidine cpm + SE/cover slip)

Alone 18,256 + 919
PIC 167 + 27
Indomethacin (107°M) + PIC 199 + 10
Indomethacin (107*H) 18,050 + 1,579

To determine whether interferon or other soluble factors produced by macrophages
after infection with PIC was responsible for the inhibition we performed the
following experiment. Macrophages were incubated with PIC for periods from 2-6
days. The medium was then removed and freed of virus by ultracentrifugation and
codalt irradiation. This material was then applied to cultures of fresh macruphages
to see if it would inhibit MGF-induced DNA synthesis. No significant inhibition
was produced by these virus—free supernatants at concentvations up to 50Z. These
results suggest that noluble mediators possibly including interferon produced by
PIC infection are not responsible for the inhibition of DNA synthesis in macrophages.
We plan to test these supernatants to see if any interferon is in fact induced by
PIC infection and to determine whether interferon will inhibit DNA synthesis in
this system. In addition, we will determine whether the activated macrophage
produces more interferon in response to virus infection as has been reported to
occur with interferon inducers (9). Preliminary experiments with other viruses
suggest that the arenaviruses are more potent macrophage inhibitors than toga-.
viruses. These relationships will be explored further.
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In all the experiments described above, macrophages were infected with PIC
before being stimulated by MGF, We have also demonstrated that DNA synthesis in
macrophages previously stimulated by MGF is inhibited by a subsequent infection
with PIC, These experiments and those on growth of PIC outlined below suggest
that proliferating macrophages are not necessarily activated in order to have
enhanced microbicidal activity. ULymphocyte~derived lymphokines may be necessary
for this further differentiation and studies to address this are in progress.

Growth of PIC in Macrophages. These experiments were performed to determine
a) if PIC grows in macrophages in vitro and b) if the activated and proliferating
MGF stimulated macrophage differs in its ability to support viral growth (e.g.,
has a restricted ability to replicate virus). Peritoneal macrophages were
cultivated in the presence or absence of MGF for one or 4 days. They were then
infected with PIC (MOI = 2) and viral growth determined over the next 3 days.
Table IV shows that macrophages do support the replication of PIC. However virus !
grew to the same titer in both MGF-stimulated and nonactivated macrophages.

i? Similar results were obtained with resident and starch-elicited macrophages f
_; treated with MGF for periods of one or 4 days prior to infection. Analysis by

u} surface immunofluorescence using a fluorescein~conjugated monkey anti-PIC serum .
: confirmed that macrophages were infected. Furthermore treatment with MGF for 2 \

days after PIC infection did not prevent the spread of virus to uninfected
macrophages as determined by fluorescence. With an MOI = 0.025, < 1% of cells )
N were infected 2 days later. When these cultures were then grown in MGF for & days ’
more, 100% of the macrophages expressed PIC antigen by FA. Thus, the proliferating i
macrophage does not have an enhanced ability to restrict the replication of PIC. !
Similar studies with other viruses are in progress.

TABLE IV. GROWIH OF PIC IN CONTROL AND MGF-STTMULATED MACROPHAGES3

LOG,, PFU/0.2 ml !

DAYS AFTER INFECTION :
c MGF

¢

0 2.0 2.0 )

1 3.2 3.3

2 4.6 4.9

V

3 4.8 5.2 !

Other attempts to assess the growth of PIC in macrophages including an
infectious center assay with Vero cells and plaquing virus directly in macrophage
monolayers were not successful.

Adherence and Cytotoxicity of Macrophages for Viral Infected Target Cells.

Our initial studies have concentrated on developing assay systems for both PIC

and Semliki Forest (SF) viruses. Vero and L cell monolayers infected with PIC
were overlaid with macrophages at a time when discrete focl of infected cells were
observed by FA, In pilot studies individual macrophages did not appear to adhere
preferentially to infected cells when analyzed by FA and phase microscopy.

o rgw v e
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Further studies will quantitate binding with macrophage monolayers grewm in the
presence or absence of activators and overlaid with labeled infected target cells.

Studies with PIC have used Vero and L cells; but we are attempting to develop
other syngeneic target cells, since L cells themselves appear to ac:.i.vate macro-
phages. To date a mouse mastocytoma and 3 lymphoma lines are resistant to
infection with Pichinde. The P815 mastocytoma line can be used as a target for SF
and a lCr cytotoxicity assay is currently being evaluated to dete.mine the effect
of macrophage differentiation and activation on cytotoxicity of infected cells.

Cultivation of Suckling Mouse Macrophages. We have succeeded in cultivating
suckling mouse macrophages in sufficient quantities so that we cdn now compare
their ability teo replicate PIC and SF with that of adult cells Ly the use of
immunofluorescent techniques. We will also be able to determine if suckling mouse

macrophages respond to MGF as do adult cells and whether this proliferation can be
inhibited by viral infection.

Presentation:

Friedlander, A., and P. Jahrling. Inhibition of macrophage DNA synthesis by
viral infection. Presented, 81s% Annu., Mtg, American Scciety for Microbiology,
Dallas, TX, 1-6 Mar 1981 (Abstract T81, p. 251, 1981).

Publications:
None.
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Projeet No. 3A166101A91C: In-House Laboratory Independent Research (U)

Work Unit No. 91C 00 132: Role of T-cells in Pathogenesis of Argentine
Hemorrhagic Fever

Background:

Argentine hemorrhagic fever (AHF), an arenavirus infection due to Junin (JUN) virus, is
an acute severe disease with a mortality of about 15%. AHF is maintained in nature in rodent
reservoirs, and is probably spread by aerosol routes. Immune plasma treatment reduces
mortality, but has been implicated with relapse presenting with neurological
manifestations (1). This is similar to observations with immunoglobulin-treated
Machupo-infected monkeys.

I O I

There are numerous analogies between JUN and lymphoevtie choriomeningitis (LCM)
viruses. Both are lymphotrophic, immunosuppressive, and cause hemopoietic dysfunction (2-4).
Although little work along these lines has been done with Junin, studies have shown that much
of the LCM pathogenesis in mice is due to eytotoxic T-cells (5). Due to the analog;les of LCM
and Junin viruses, the fact that neutralizing antibody cannot be measured until late in disease,
and since the only accepted treatment leads to a significant rate of late neurological symptoms,
the role of T-cells in pathogenesis of AHF warranted investigation.

Progress: |

We examined the ability of peritoneal exudate cells (PEC) from inbred strain 13 guinea
pigs to support the replication of virulent (strain 3551) or attenuated (strain XJ-44) JUN viruses
(Table 1). With the same Multiplicity of Infection (MOI), growth curves are very similar; virus
was first detected on day 3 reaching a peak on days 6-9, after which cultures deteriorated. The X
yield of virus was nearly the same with both strains of virus. Preliminary experiments yielded t
similar results using PEC from outbred Hartley guinea pigs. The use of autologous serum vs. '
fetal calf serum on replication of the 2 strains of virus showed no effect.

TABLE I. JUN VIRUS REPLICATION IN PERITONEAL EXUDATE CELLS FROM
INBRED STRAIN 13 GUINEA PIGS.

VIRUS YIELD (PFU/ml) BY DAYS
.. VIRUS
., STRAIN 3 4 5 6 7 8 9 _
xg-44  8x103  1.5x10%  sx10)  2x10d  1x10®  2x10) 1x10° (
3551 4x10%  3.s5x10%  3x10 5x1G° ND 2x10 2.5x%108

ND = Not done.

We next examined the abilitv of PEC from inbred mice to support repiication of the 2 -
virus strains. In contrast to virus replication data for guinea pig PEC, the avirulent strain of |
virus showed verv little replication in mouse PEC while the virulent strain reolicated to
reasounably high titers (Table II). Three inbred strains of mice were used as zources of PEC, and
the same pattern of virus reolication emerged with each. We next attempted erowth of strains
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of AHF with differing virulence for guinea pigs in mouse PEC (Table IIf). The trend of
gieater replication of more virulent strains was observed. Although this technique is
probabiy not sensitive enough to determine subtle virulence differences necessary in
selection between candidate vaccine strains, it may be of value in sereening
field-isoleted strains and as a tool in the laboratory for studying virulence and
interactions with macrophages.

TABLE II. JUN VIRUS REPLICATION IN PERITONEAL EXUDATE CELLS FROM
C3H/Hed MICE.

VIRUE YIELD (PFU/mi) BY DAYS

VIRUS
STRAIN 2 3 4 5 6 8
XJ-44 25 25 25 1x102 5x102  5x109
3551 25 5x103 5x104 ND 3x10% 7.5x10°

ND = Not done.

TABLE IIY. REPLICATION OF STRAINS OF JUN VIRUS IN PEC FROM
A/HedJ MICE.

VIRULENCE PFU/m] BY DAYS

VIRUS IN GUINEA
STRAIN pIGs? 5 6 7 8 12
Coronel +  9.0x102 ND  3.5x10%  g9.sx103  1.3x10%
Coronel +  6.0x10%  1.6x10% s.sx10%  2.3x10%  1.3x10%

(1 passage

in ehick

cells) 4
3551 +  5.5x10 1.1x10° 2.3x10° ND 1.5x10°
Romero + 2.0x10°  s.o0x10% 2.0x104 5.s5x10¢ 5.0x10%
Suarez +  4.0x10%  4.5x10% 1.1x10° ND 2.0x10°
Clone 3 - 2.0x10%2  1.0x102 1.1x10%  5.0x108 6.0x103
Clone 3 - 3.3x10%  2.0x10%2 1.5x10%  6.0x108 2.3x10%

(passage in fetal
rhesus lung cells)

kills 95-100% of 300-400-g guinea pigs; - = kills less than

+ = kills 30-70%.
ND = Not done.
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We have determined that treatment of guinea pigs with cyelophosphamide prior to
infection with attenuated XJ-44 strain JUN causes a lethal infection, for the most part
clinically indistinguishable from that of guinea pigs infected with virulent strains. Table IV
shows the results of organ virus determinations of cyelophosphamide-treated XJ-44-infected
guinea pigs. Without drug, our experience nhas rarely shown either deaths in XJ-44-infected
guinea pigs or virus isolations from organ samples. The virus isolation pattern from our
treated-infected guinea pigs shows virus first appearing in spleen and bone marrow, and, if
survival is sufficiently long, finally appearing in the brain. Many of those surviving beyond day
17 develop signs of encephalitis with paralysis; virus can be isolated from these brains. Frozen
sections stained with fluorescent antibody show strong fluoresecence in marrow and spleen by
day 12, correlating with virus titers in the brain at later time points. Antibedy development
may be delayed, but is not prevented by eyclophosphamide treatment. Illness and death can be
prevented by treating with immune serum or by transfer of spleen cells from immune
convalescent syngeneic animals. In contrast to that found with some other arenavirus
infections (8), passage of virus in guinea pigs doas not enhance virulence for thet model.
Histopathology of eyelophosphamide-treated XJ--44-infected guinea pigs has shown lesions
similar to those of guinea pigs infected with virulent JUN strains, namely, enterocolitis and
erythroid-myeloid depletion. We have not observed encephalitis in virulent strain-infected
guinea pigs; we have observed it in XJ-44 only or cyclophosphamide-XJ-44-infected guinea pigs,
but only as a late event (17-24 days, whereas those infected with virulent strains generally die
at 11-15 days). We feel that cyclophosphamide-treated XJ-44-infected guinea pigs offer
potential as a model for virulent JUN-infected guinea pigs.

TABLE IV. ORGAN VIRUS DETERMINATIONS ON CYCLOPHOSPHAMIDE-
TREATED XJ-44 JUN-INFECTED GUINEA PIGS.

PFU/g TISSUE OR ml BY DAYS

ORGAN 7 12 14 17 18 24
Spleen 5x104 0 5.5x10°  6x10° 2x10°  4.5x103
Heart U 0 0 0 H 0
Kidney 0 0 0 0 0 0
Liver 0 0 0 0 5x10% 0
Marrow® ND 0 3.5x104  1.5x10%  1.3x10° 1x103
rain 0 0 0 2.0x108  4x109 3x10°
Serum 0 0 0 0 0 0

“Less than 1 g of tissue.
ND = Not done.
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Bearing in mind the parallels between LCM and JUN viruses, studies were
initiated to determine if, as with the LCM mouse model, eytotoxic T-cells play a role in
pathogenesis of the AHF guinea pig model. Since for a cytotoxie T-cell assay, target and ¢
effector cells must be major histocompatibility matched, a strain 13 guinea pig kidney :
cell line was developed and found to express virus-specific cell surface %ritig’cns when
infected with either JUN or LCM viruses. Table V shows the results of Y*Cr release
from JUN-infected (XJ-44) guinea pig kidney cells (target cells) induced by spleen cells
(effector cells) from infected (XJ-44) guinea pigs at various points after infection. Table
V1 shows results of similar experiments with LCM virus (since eytotoxic T-cells with 1
LCM have been described in mice, our rationale was that guinea pigs infecte%ivith LCM
might be a model for guinea pig T-cell cytotoxicity). It is seen that specific ?*Cr release
can be obtained with either system using specific effector spleen cells. In both systems,
release could be due to eytotoxic T-cells or to aniibody dependent cell-mediated
cytotoxicity (ADCC) (antibody produced in vitro by splenic B cells). Treatment of
effector spleen cells from JUN-infected guinea pigs with monoelonal anti-guinea pig
T-cell serum (courtesy of E. Shevak, N.I.H.) prior to use had no effect on the system
(data not presented). Aggregated human IgG reportedly inhibits ADCC by bloeking the
surface Fe receptors on the effector cells preventing sufficien! target cell-effector cell
interaction for cytolysis (7). Experiments were performed using apgregated human IgG
with both JUN and LCM systems. Table VI shows that the presence of aggregated
human IgG block 1¢r release in both systems. These results suggest that, at least in ) f
part, the observed splenic eytotoxieity is due to ADCC.

CUOE L Ll Tt

TABLE V. 9lCR RELEASE FROM JUN-INFECTED GUINFA PIG KIDNEY CELLS
BY SPLEEN CELLS FROM INZECTED GUINY., PIGS.

&

® Slor RELEASE BY DAYS .

EFFECTOR: K

TARGET PATIO 0 a & 9 43 18 30 :

100 32 15 30 7 45 18 .

50 9 1 5 17 4 40 49 §

25 2 1 3 13 51 21 15 .

12 1 4 0 12 55 12 10 é

& 9 0 1 21 8 2 3
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TABLE VI. S1CcR RELEASE FROM LOM VIRUS® INFECTED GUINEA PIG

KIDNEY CELLS BY SPLEEN CELLS FROM LCM INFECTED
GUINEA PIGS.

SPLEEN CZLL % 91CR RELEASE BY EFRECTOR: TARGET CELL RATIO
SQURCE 160:1 50:1 25:1 12:1 6:1
Armstrong

10 days 45 21 17 16 2

16 days 55 51 45 29 12
We Strsain

10 days 58 21 24 19 7
Normasal Uninfected 17 8 3 0 3

8 Armstrong Strain

TABLE VI1. EFFECT OF AGGREGATED HUMAN IgG ON °lCr RELEASE FROM
LCM AND JUN INFECTED TARGET CELLS BY EFFECTOR SPLEEN

CELLS.
% RELEASE AT EFFECTOR: TARGET RATIO

CONCENTRAT ION 100:1 50:1
mg IgG/ml Blocked Unbiocked Blocked Unblocked
JUNIN

8 2 55 2 §1

4 2 42 32 41
LM

8 2 48 15 31

4 18 53 19 42
Publications

None.
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Project Number 3A166101A91C: In-House Laboratory Independent Research.

Work Unit Number 91C 00 133: Role ¢f anthrax toxin components in virulence of
B. anthracis.

Background:

The factors which make Bacillus anthracis virulent for man and animals are
poorly understood. Rational design of preventive and therapeutic measures to con-
trol anthrax infections is therefore difficult., Previous work identified 3 proteins,
collectively called Manthrax toxin," which contribute to pathogenesis, Of these 3
proteins, the protective antigen (PA) has been purified and used as a vaccine, but
‘the lethal factor (L¥) and edema factor (EF) have not been available in amounts

“adequate for characterization of their chemical structures or determination of thelir
cellular modes of action,

This newly initiated work unit has as its nbjective (a) purification of the
protein components of the toxin, (b) development of immunochemical and physical
augays to detect and quantitate the proteias, (c) discovery of animal models and
tissue culture systems sensitive to the toxin, (d) identification of the fundamental
subcellular processes affected by the toxin, and (@) discovery of the individual
enzymatic reaction or critical cellular component Jitered by the toxin.

Progress:

This work unit, initiated in June 1981, has as its objectives the purifiration
and characterization of the 3 proteins (EF, PA, LF) collectively known as anthrax
toxin and discovery of their mechanisms of action. B. anthracis was extensively
studied at Ft. Detrick prior to 1968, and most of our current knowledge of authrax
was obtained at that time. The virulence of B. anthracis has been attributed to 2
factors: a polyglutamic acld eapsule which promotes ivvasiveness, and the anthrax
toxin complex recognized by its lethal action in rats mnd other animals. The toxin,
initially found in the sera of guinea pigs suffering scvere infections, was subse-
quently produced in breth cultures and resolved into 3 components (1), which have
no known toxic effects when administered iadividuslly., However, PA mixed with LF
is lethal to rats with a minimum time tc death of 60 min. PA mixed with EF causes
edema in the skin of guinea pigs and rabbits. Studies on the mechanisms of action
of the toxin components have been severely limited due to the small amounts and
uncertain purities of the EP and LF components., Wright and his colleagues develioped
methods for the large scale productien of PA (2), which are being successfully em-
ployed by Dr. Johnson-Winegar (Pathology Divigicn).

The initial work on this project therefore concentrated on purification of the
protein components uf the voxin., The aviralsnt, non-cupsulated Sterne strain was
grown in 10- and 20~) bat:. 28 in a smzll fersenter, using the casamino acids media
of Haines et al, (3). Following, in part, & published repert of Ward and Wilkie
(4), the culture supsrnst ants were diluted and adsorbed to DEAE-cellulose. Protein
was eluted batchwise, precipitatad with (NH4)p50;, dialyzed and chromatographed on
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DEAE Sepharose CL-6B. Gel diffusion of fractions against sera raised in a horse
and a burro, using PA prepared by Ms, Johnson as a standard, enabled identification
of a region containing PA. Injection into rats of fractions containing PA along
with other frsctions from the column showed that LF activity eluted after PA., SDS-
slab gel electrophoresis of column fractiong showed several protein bands which
eluted coincidently with LF activity. The LFP-containing fractions were combined
and chromatographed on hydroxylapatite, with LF activity again identified by in-
jection into rats in combination with PA., The LF preparation obtained in this way
consista of one major polypeptide of MW 80,000 and a number of other minor com-
ponents, The 80,000 MW band, which is likely to be the LF protein, constitutes at
least 90% of the preparation, The LF preparation reacts strongly in gel diffusion
with a horse serum raised by injection of Sterue strain spores. PA preparations,
in contrast, react much more strongly with a burro anti~spore serum. This differ-
entlal reactivity was used to advantage in subsequent chromatographic purifications
of PA and LF, replacing the rat lethality test for all except confirmatory analyses,

The PA-rich fractions from the DEAE Sepharose CL-6B column were also further
purified on hydroxylapatite. The PA protein was obtained at a purity of about 95%,
and was also found to have a MW of about 80,000, The growth of the Sterne strain
to produce PA and LF has been repeated several times with slight wvariations in
fermentation conditions, One modification which seems to promecte reproducible
toxin production is the use of automatic pH coatrol. All previously used media
contained high concentrations of sodium bicarbonate to buffer the culture, since
it had been shown that shifts of cultures to low pH caused large losses of toxin,
probably due to proteolysis, While yields of PA and LF have varied, typical
amounts obtained from 20-L cultures of the Sterne strain have been 5 and 2 mg,
vespectively., Larger amounts of PA have been obtained in separate fermentations of
strain V77Q in the medium of Puziszs (2), which was developed to maximize PA
produetion,

Due to time limitations, little work has been done to study the mechanism of
action of the lethal toxin (PA and LF). Titration of the purified components in
rats confirmed the view that both components must be combined to cause death,
Tbus, neither 3Q0 pg of PA or 150 pg LF alone killed rats, while i00 ug PA in-

3 Jected with 30 ug LF caused death in 190 min. In contrast to published reports
SN that 8. anthraels culture supernstants are wmot toxic to cell cultures (5), pre-

3 liminary experiments have shown that the combination of PA and LF kills mouse
epidermal cells and cultured macrophages. Chinese hamster ovary (CHO) cells also
appeared scasitive, but effects varied with different P2 and LF preparations.
Therefore, it appears that ceil culture systems can be used to study the actien of
the lethal toxin. This aspect of the work will be resumed when characterization
of EF (described below) is complated,

Concurvent with completisn of the LF purification, work began on purification
of EF, All prisr work on EF depanded on bioassay a rabbit or guinea pig skin.
An fmportant advance was achieved when it was recognized that the edematous re- '
sponge to EBF was similar to that caused by cholera toxin and the Escherichia coli ‘

heat-labile entevotoxin. These 2 toxins cause large increases in vascular perme-

ability and are often assayed in rabbit skin., Using a rabbit permeability tactor

{PP) aseay, it was found that certain fractions from DEAE columis expressed PF

‘getivity when combined wich PA., The results were somewhat variable, but this was
. snticipated since it had been knewn from early studies that LF and EF act com- !
o petitively, Thus, fractions containing LF and EF wmay not glve a positive PF
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response. Extending the analogy with cholera toxin further, studies were begun with
a CHO cell assay in which elevated cytoplasmic levels of 3', 5%'~cyclic adenosine mono-
phosphate (cAMP) cause a profound morphological change. Protein fractions eluting
off of DEAE columns after those containing PA caused shape changes identical to

those caused by cholera toxin, A systematic study of assay conditions showed that
the shape change was most evident in EMEM/NEAA medium containing 5% fetal calf serum.
Though initially performed by adding dilute CHO cell suspensions to the toxin samples
to be tested, the test also can be done by adding toxin samples to confluent CHO

cell monolayers in microtiter plates. This convenient and semi-quantitative assay
was used to assay EF during its purification on DEAE and hydroxylapatite columns.

The preparation obtained contains a major polypeptide of about 80,000 MW as 80% of

the total protein. From a 20-L culture, about 2 mg of this purified EF was obtained
in the most recent preparatiom.

Study of the mechanism of gction of EF was based on extending the analogy with
cholera toxin. A radiolmmunoassay kit for measurement of cAMP was purchased, and
the procedure scaled down to decrease its cost. A variety of cultured cells in
addition to CHO were treated with graded concentrations of PA and EF, typically for
2 hrs, and cAMP was measured in acid extracts. Parallel cultures were treated with
cholera toxin. With two exceptions (LLCHMKz, Vero), all cells responded to the
mixture of PA and EF with large increases in cAMP levels (Table I).

TABLE 1. cAMP RESPONSES IN SEVERAL CELL LINES

cAMP Response (pmol/mg cell protein)

Cholera Toxin PA 1 pg/ml +
Cell Lire Untreated 100 ng/ml EF 0.1 pg/ml
LLC—MK2 20 20 31
Vero 25 >330 , 40
FRL-103 35 300 270
CHO 30 660 770
E69 (mouse epidermal) <20 65 300
E15 B7 (mouse epidermal) <50 375 125
Rat embryo <5 50 60
Duck embryo <15 60 160
G.P, 13 25 . 210 360
L929 15 70 95

MRC-5 35 220 710

o

- .
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The cAMP levels, typically 5- to 100-fold control levels, did not parallel those

in the cholera-treated cultures. This suggests that the cellular receptors for

PA and EF are not related to the ganglioside Gpp receptor of cholera toxin. The
response was dependent on the presence of both PA and EF, with maximum cAMP levels
requiring >1 ug/ml PA and about the same concentration of EF. However, the data in
Table I were obtained using the first EF preparation (EF#l), which is much less
active than a second subsequent preparation (EF#2)., While cAMP levels could not be
increased above those shown by further increasing the EF#l concentrations, EF#2 at
similar concentrations caused 1,000-fold cAMP increases in CHO cells. This
difference makes it clear that there are important structural features of the EF
protein which remain to be identified.

The ability of PA and EF to elevate cAMP levels reinforced the view that these
proteins might act, like cholera toxin, by permanently activating the target cell's
adenylate cyclase. However, several types of evidence were obtained to show that
the analogy was imperfect. Kinetic studies showed that cAMP elevations in CHO
cells were rapid, peaking within 60 min., whereas cholera toxin exhibited a well
characterized lag. More striking was the rapid reversibility of the PA and EF
response; 1n cells washed free of toxin, cAMP levels fell to control values
within 2 hrs.

Experiments were then designed based on the hypothesis that EF interacted in
a reversible manner with the adenylate cyclase in CHO membranes. Large increases
in cyclase activity were found in membranes mixed with EF, The stimulation, a
100-fold increase in activity, required the presence of EF and membranes, but was
not dependent on PA. However, certain "controls" in these experiments showed that
tnder some circumstances the membranes were dispensable. Pursuit of this result
made it clear that EF is itself an adenylate cyclase. The reason this was not
evident in the first adenylate cyclate assays is that EF is an inactive proenzyme
which must be activated by interaction with materials from eukaryotic cells. The
exact nature of the activation process is now being studied.

The important finding that EF is an adenylate cyclase provides a coherent
model for its action on cells., PA apparently binds to cell surface receptors and
allows entry of EF into the cytoplasm. Interaction with eukaryotic cell materials
a0t present in B, anthracis activates the enzyme. The subsequent large increases
in ciMP levels, which can far exceed those caused by any other known agent, will
profoundly alter cellular processes. The role of EF in pathogenesis was never
clarified from studies in whole animals, but the knowledge that EF raises cAMP
levels now allows ressonable predictions to be made of which physiological
processes are altered.

In the course of purifying the components of anthrax toxin a brief study was
made of proteases in B. anthracis, since it was recognized that these might degrade
the proteins during purification. Assay of DEAE column fractions showed that a
single peak of proteolytic activity eluted after PA. Since the protease most
thoroughly studied in the closely related Bacillus cereus is a metalloenzyme, the

effect of chelators was tested. EDTA completely inhibited the B. anthracis
activity. Therefore EDTA is now routinely added to culture supernatants after
centrifugation to remove the bacteria. This appears to have improved the PA
preparations in particular, since a PA sample made before use of EDTA became
standard shows extensive nicking.
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To facilitate further characterization of anthrax toxin, specific antisera
were raised in rabbits to PA and LF. These sera appear to be specific since they
do not react with the heterologous component. The first attempt to raise a rabbit
anti-EF serum was unsuccessful. A substantial effort has been directed to the
selection of mouse hybridomas producing monoclonal antibodies to the toxin
components. Following an intial attempt which appeared successful, technical
problems have occurred. These seem now to have been controlled so that progress
should continue in this effort. A sensitive ELISA test has been developed to detect
mouse antibodies to each of the 3 components; the test has been used to show that
the immunized spleen cell donors are in fact immune.
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Preliminary experiments have been conducted to develop an additional animal
model for study of anthrax pathogenesis. Extending a report of Russian workers,
it has been found that 2 inbred mouse lines, A/J and DBA/2J, are susceptible to
infection by large doses of Sterne strain spores, with LDsg of about 10°. This
animal model may provide an economical test system for vaccines based on toxin

components. A trial is currently underway to determine if immunization with PA or
LF protects these mice.
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Prcject No. 3A16610A91C: In-House Laboratory Independent Research

Work Unit No. 91C 00 143: Antigenic Analysis of Phlebotomus Fever Group Virus
Components

Background:

The Phlebovirus genus of the family Bunyaviridae contains numerous human and animal
pathogens most notable of which is Rift Valley ¥ever (RVF) virus. The antigenic analysis of this
virus, closely related virus members of the Phlebovirus genus and isolated and characterized
components of these virions remains the major objectives of this research. These studies
assume even greater importance as supporting research for investigations directed toward
producing RVF virus immunogens using recombinant DNA technology (gene cloning). It is
incumbent upon these investigations to describe the basic molecular characteristies of the
components of the virion, isolate, concentrate and purify the nucleic acid segment(s) containing
the gene(s) for important immunogenic proteins, as well as deseribe, isolate and characterize
the antigens necessary for inducing those antibodies responsible for protection in the immunized
host. The requirements described necessitate that this research be multifaceted and aimed at a
basic molecular characterization of the virus, its chemical constituents and antigenic
components.

Progress:

RVF virus (Zagazig Hoepital 501) was propagated in Vero cells, concentrated b
ammonium sulfate precipitation and purified by rate zonal centrifugation on 15-60% (w/w)
sucrose gradients. These procedures were ~¥perimontally determined to be superior to a variety
of methods tested. Purified virions approaching 2 x 104, PFU/m] were disrupted with 2% Triton
X-100, releasing ribonuclecprotein (RNP) complexes which were analyzed on sucrose gradients.
As shown previously with other Bunyaviridae, three RNP were clearly distinguished. By
comparison to the nucleoscapsids og LaCrosse (LAC) virus (1158, 908, 65S), the sedimentation
coefficients of the 3 RVF virus nueleocapsids were determined to be 1158, 908, and 74S.
Subsequent RNA analysis of these complexes on 2.4% polyacrylamide gels revealed that each
sontained only a single species of virion RNA, the large (L), medium (M), or small (S) RNA,
respectively. Approximately 85-90% of the RNA within the RNP complexes was sensitive to
digestion with pancreatic RNAse, suggesting that the protein is not tightly associated w‘kth the
RNA. The spparent Mi{ of the 1, M, and S RNA species were determined to be 2.8 x 167,

1.8 x 10°, and 0.74 x 109, respectively. These MW weights are essentially identical to those of
Punta Toro virus, & serologically related Phlebovirus. The three RNA species were also found to
be unique by RNA fingerprint analysis. There did not appear to be any overlap of the large
oligonucleotides ameng the 3 RMA species. The large oligonucleotides present in one RNA
species could not be detected in the fingerprints of either of the other 2 species. Few
similarities, if any, existed between the fingerprint patterns of RVF virus and those previously
reported for other Phleboviruses. The 5' terminus of all 3 RNA species has recently been
determined by secuence analysis to be ppAp——. This observation is consistent with data from
cther Bunyaviruses with known 5' termini. Virus struetural proteins were isolated and identified
by electrophoresis in 12% polyacrylamide gels, The apparent MW of these proteins were found
te be 65,040 (G1), 55,000 (G2), and 25,000 (NC). The 2 envelope glycoproteins were readily
separated by noafonic detergent disruption and column iscelectrice focusing in sucrose

gradients. The G1 glvecprotein focused at pH 4.8 which was clearly separate from the
isoelectric point of the G2 glycoprotein at pH 9.6. Data recently obtained clearly show that the
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G1 and G2 glycoproteins are in fact 2 different and unique proteins. This has been
accomplished by partial digestion of isoelectrically focused proteins with staphyococcus
V8 protease and subsequent separation of protein fragments by polyacrylamide gel
electrophoresis (Cleveland maps). The pattern of fragments obtained from the digestion
of G1 and G2 were clearly unique and no overlapping peptides could be detected between
these 2 proteins. These data collectively provide a basis for comparison of RVF with
other Phleboviruses and establish parameters for separation and identification of purified
virion components. '

Approximately 100 v g of purified M-segment RVF virus RNA has been prepared
for gene cloning experiments. The effort involved in the preparation of these reagents
has been considerable, especially since procedures for virion concentration, purification
and RNA purification were only recently optimized.

Safety testing of all virion components removed from the containment
laboratories included injection of suckling mice and weanling hamsters as well as direct
plaque assay and assay in cells under liquid overlay. All safety testing procedures
required numerous experiments to define the maximum allowable concentrations of the
various detergents frequently residual in purified RNA and protein preparations. To
date, no infectivity has been detected in any of the numerous preparations examined.
Cloning experiments by Molecular Geneties Inc., Minnetonka, MN, under a contract from
USAMRDC are currently in progress.

The preparation of monoeclonal antibedies to RVF virus using lymphoeyte
hybridoinas has been slower than anticipated. Many experiments employing a
nonproducer (immunoglobulin) plasmaeytoma cell line have yielded a reasonable number
of hybridomas producing RVF virus antibody; however, we have been unsuccessful in the
continued cultivation and freezer storage of these cell lines. A small battery of RVF
virus antibody-producing hybridomas exist in & frozen repository and mouse ascitic fluids
have been prepared to the majority of these, however, they were all prepared from an
immunoglobulin-secreting plasmacytoma line. The vast majority of these
antibody-positive hybridoma clones reaet with nucleocapsid antigens and are therefore of
limited usefulness in the studies described previously. Approximately 6 hybridoma
cultures have heen preserved that produce antibody to RVF virus envelope
glycoproteins, Preliminary immunoprecipitation experiments suggest that all of these
antibodies are directed at determinants on the G1 glycoprotein. In all
immunoprecipitation experiments, some G2 glycoprotein was precipitated; these
techniques clearly require further refinement. All monoclonal antibody-containing
ascitie fluids prepared thus far are negative by neutralization and hemagglutination
inhibition testing. Apparently the antigenic determinants important in these tests are
not yet detected by our small battery of reagents; further hybridoma experiments are
required.

Pregsentations:
None.

Publication:

Dalrymple, J. M., C. J. Peters, J. F. Smith and M. K. Gentry, 1981. Antigenic
components of Punta Toro virus, pp. 167-172. In The Replication of Negative Strand
Viruses (D. H. L. Bishop and R. W. Compans, eds.), Elsevier/North Holland, New York.
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APPENDIX A

VOLUNTEER STUDIES

PROTOCOL TITLE AND NO.

(No Volunteers)

COMMENTS AND RESULTS

Growth Hormone Release and Associated
Metabolic Changes Induced in Man by
Sandfly Fever M-23-B

Protocol 81-1 (6 MRVS)

Evaluation of the Human Response to
the Administration of Botulinum
Toxoid, Adsorbed Monovalent (E),
MDPH LOT 3 #7007. M-25

Protocol 81-2 (19 MRVS, 4 USAMRIID
Staff)

Evaluation of WR 171, 669 in the

Treatment of Multi-Drug Resistant
Plasmodium Falciparum Malaria. M-26

Protoool 81-3 (12 MRVS)

Growth Hormone Release and Metabolic
Changes Induoad in Man by Mild Brief
Artifioial Hyperthermia, M-23-A
Protocol 814 (3 MRVS)

One subject did not develop Sandfly
Fever., No complications. Results
showed no significant change in
prolaction but distinctive change
in growth hormone--elevated and
increased.

Eight native vaccinees had mild
local reactions, All in group which
received 0.5 ml of toxoid on day 0,
14, 84, Lot #7007 of monovalent (E)
toxoid proved to be safe and efficac
ious product for the induction of
substantial levels of neutralizing
activity to type E botulinal toxoid.

Twelve volunteers infected with Smith
isolate of P. faleciparum malria; 10
were cured with WR 171, 669 was
effective against multi-drug
resistant P. falciparum malaria; in a
single day treatment and was well
tolerated.

Results suggest that there is a clear-
cut release in growth hormone during
hyperthermia but no significant change
in prelactin.
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GLOSSARY
ADCC Antibody dependent cell mediated cytotoxicity j
ADP automatic data processing :
AHF Argentine hemorrhagic fever g
BUF Bolivian hemorrhagic fever é
BUN blood urea nitrogen .
CBC complete blood count ;
CEC chick embryo cell (culture) §
CF complement fixation i
CHO Chinese hamster ovary i
CL chemiluminescence :
CPE cytopathic effect S
CPK areatinine phosphokinase S
DEN Dengue virus ;
EBO Ebola g
EDgg median effective dose(s) ?
EEE Bastern equine enlephalitis(virus) E
EF edema factor i
EM election microscope {
EP endogenous pyrogen ;
FA ratty acid(s) N
GH growth hormone ;
‘é GOt glutamic-oxalacetic transiminase Ei
? HA hezagglutinins, hemagglutination :
§ HAI hemagglutinating inhibition
HAZ zara

N 1

HI hemagglutinafhion inhibition
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ID

IDs5

IPLDg

LCFA

LD

LCH

ORO
PA

PEC
PFU

PGHK
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intradermal (ly)

median infectious dose (s)
infectious intraperitoneal lethal dose (s)
intramiscular (ly)

intranasal

intraperitoneal (1ly)

intravenous (ly)

Japanese encephalitis

Junin virus

Korean hemorrhagic fever

LaCrosse virus

long chain fatty acids

Lassa fever

median lethal dose(s)

lyemphooytie choriomeningitis
microagglutination, microagglutinin
Hachupo virus

mass median diameter

median infectious intraperitoneal lethal dose(a)
messenger RNA

gean time to death

National Institutes of Health
oropouche

protective antigen

peritoneal exudate cells

plague foreing unit {s)

African green monkey kidney




PIC
PMN

P%o or PRBO

RBC

RIA
RMSF
rRNA
RVF

SC

SEC
SF
SF-N
SF-S
SGPT

SIN

VEE
WBC
WEE

WRAIR

YF
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Pichinde virus

polymorphonuclear luekoocytes

50% or 80% plaque reduction

red blood cells

reticuloendothelial system
radioimmunoassay

Rocky Mountain spotted fever
ribosomal RNA

Rift Valley fever

subcutaneocusly

staphylococcal enterotoxin A
staphylococcal enterctoxin B

staphy lococcal enterotoxin C

Semiki forest virus

Sandfly fever - Naples

Sand{ly fever - Sudian

serum glutamic pyruvic

Sindbia virus

snall plaque

ultraviolet

Venezuelan equine encephalomyelitis (virus)
white blood count

¥Kestern equine encephalitiecs (virus)
Halter Reed Army Institute of Research

Yellow f{ever

ek 8 awmrwm - . . . .

e v e s emw « .

L 4 1 a2 e 1 &L



# coples

12

DISTRIBUTION

Commander

US Army Medical Research and Development Command

ATTN: SGRD-RMS
Fort Detrick, Frederick, MD 21701

Commpander

Letterman Army Institute of Research
(LAIR) Bldg 1110

Presidio of San Franeisco, CA 94129

Director

Walter Reed Army Institute of Research

(WRAIR) Bldg 40
Washington, DC 20012

Commander

US Arny Aeromedical Research Laboratory

(USAARL) Bldg 8708
Fort Rucker, AL 36362

Commander

US Army Institute of Dental Research
(USAIDR) Bldg 40

Washington, DC 20012

Commander

US Army Institute of Surgical Research

(USAISR) Bldg 2653
Fort Sam Houston, TX 78234

Commander

US Army Medical Bioengineering Research and Development Laboratory

(USAMSRDL) Bldg 568
Fort Detrick, Frederick, MD 21701

Conmander

183

US Army Medical Research Institute of Chemical Dzfense

( USAHRICD) Bldg E3100
Edgewood Area
Aberdeen Proving Ground, MD 21610

Comaander

US Army Research Institute of Environmental Medicine

(USARIEM) Bldg 42
Natick, YA 01760

Defense Technical Information Center
ATTN: DTIC-DDA
Klexandria, VA 22314

ok £

0 A UL EE PRI P R

P
/l V'

*. ﬂs E"l [

COEE N T

v



184

Commandant

Academy of Health Sciences
US Army

ATTN: AHS-CDM

Fort Sam Houston, TX 78234

Director

Biological and Medical Sciences Division
0ffice of Naval Research

800 North Quincy Street

Arlington, VA 22217

Commanding Officer

Naval Medical Research and Development Command
National Naval Medical Center

Bethesda, MD 20014

HQ AFMSC/SGPA
Brooks Air Force Base, TX 78235

Director of Defense Research and Engineering
ATTN: Assistant Director (Environmental and Life Science
Washington, DC 20301

Director of Professional Services
O0ffice of the Surgeon Ganeral
Department of the Alr Force
washington, DC 20314

Defense Technical Information Center
ATTN: DTIC-DDA

5010 Duke Street

Alexandria, VA 22314

W U.S. COVERNMENT PRINTIHG OFFICE : 1983 0 - ui0- 8%

.
.
v

.-

N SRR R N I SR

-

-

[ s
.

.

'




